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Executi ve Summary

This document presents recommended code chang

Commi ssion wi ||l be conslidéfi ggufboavaedopmment s
suggestions prior to 1 h@toiatdloepZ 4 sotna, k. ephl celadseer se.ntac
Comments will not be released for public revi

| ntroducti on

The Codes and Standards Enhancement (CASE) 1In
to support the California BEBmesgiyolpmenif 65si bsa bt
the Calif oComd(eal i Erd eer @yt , Part 6) to include new
existing requirements for various technologi e
(Il OwWPpci fic Gas and EIl egtor iGasC&mEdry tr$an Binda

Cal i forniandcdtivwvonPubl i cliytoB@wrAend) el teisl iDteipaag t me n
Water and Power and Sacramento Municipal Util
Statewide CASE Team when iinscpleumdri endy tthies CeAfSfEo rAt
program goal i's to prepare and suUbfmictt ip/reoposa
enhancements to improve energy efficiency and
buildings. This report and the co@&e aclpamge opr
effort to devel opf tecthinveméeés anidnfcosmati on for
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewi de bOWNStEs Tcecadre scuhange proposals to t
t heatset agency that has authority to adopt revi

Commi ssion will evalwuate proposals submitted
stakehol ders. The Energy Commi ssion may revi s
Commi séssi o2n022 Title 24 website for informati on

how to participatewww. eher pyocesagnedy/ progr ams
topi cs/ progamsedhfuiicsitieanncdya r ¢bsi1/i 2-@A dhrgpdVf | Ci ency

The overal IFIigGASE oRephretsemdcdbdepchange propos:
controlled envir(oBi€E)lhe hepobrtutootains pertin
suppothengode change.

While Title 24, ParCtEH6 faghitent eyst Appfiesttood
which standards argepebceiifnidgd apebepgpnes g¢g¢ wHhed by
CEH i nwdwstmg theplpapmtodsshoBal i fornia. Ot her s
jurisdictions have already gained experience
Massachusett s, 11 inoi s, and Seattle, which h
particuloprnsetdhestmmdards for dehumidification
recently adopted by the City of Denver.
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The Draft ver sRemorotf wahs sr eClAecSeEEs ed famrd rpwhleiwe i
comments were auwlcye pld Hd ex0820all ASVvE dleeam recei ved
roughly 50 comments from ggowgpment tmanef acstsoIr:
ot heArss.a result of these publ iwctbommakebohddr s
during the review processwebhhemCANBEPDRa raht a noge
to itmeéboghting pr op cAspaple nidgsinxt emad il feidcdtni on t o
dehumidification prAgpposnddli xi s di scussed in

Appendgireseanssmmary of comments received and t
TeamOds r eBlpeonSteast.ewi de CASE Team hwasu led,alcit k e nt «
al ongt we tinubl i c stakehol der workshops held on
202Was invaluahédeolgis todm chdrmege Sgrad pavs alle. CAS
Team wor kend uwittrhy st akehol dendushcludsesgcgraodwe
advocabesfacturers, builders, utility incent.i
analysts, hordeciudnamrsa,l Harctiil dulydcecanhp Irieasnecaer c |
subject matPtreersicegpetrt sehevgy standards for a
process has maarnwytdkihald eidhsgg etslyye | i r st attempt to
usadaring t heplpamtc eprsoducti on.

Measure Description

Background I nformati on

Controlled envir onGehti adn haogrtii cwll th sie &l met hod
technology to maintain unpdteilrmalltirgyictoiwn dgorcondi t
warehamsle greenhouse crop praeaduwmemboindty fpa aicltii tciea

production of herbs, vegetabl esBemaucwusegCEldnNns,
facilities must artificially replicate the en
cropsght, water, air, nutrients, the right te
CEH faairenerigg empier atMiam@EH facilities have se

rooms for each stage of plant devel opment so
meet pitlmeat s6 needs at paophagtnagen, seedbetnangijve,
ri pedimigeegal i zzusg ednhabis under t-llee Medi ci nal
Cannabis Regulation and Safety Act CaaMAUORA a
has expedia@a@nmarked I ncre@EH aicn Itite ersy mlpearr tafcu
CEH facilitiedhins subagmred seé & o.r & cnacarhethl sye

energy demand fr o(mNetwvwh eF rCoEnHt isecrcetdparlt ac 201 8bhi s f a
are pregdeto consume -bhoers 3BY HO0OPawaam i ncreas:
from @20daw Frontier 2018)
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Proposed Code Changes

The Statewide CASE Team proppeacadas otac coatee gar i z
procesasnd to provide defdiimietcitdrrys rafl asbeewdd raanli Ctid
appropri at e parpopploi sceadt isounh hoefa sppirditso sy nt het i ¢ pho
ef fi(cREQan i nddesteppy ed metric f or howotuil adulbteur al
definedths p@22e 24, Pa.rTto @addemam&lkidng ncr ease
energy demand by the CEH sector, tthhreeeSt at ewi d
submeasurasGmw lati | i ti es:

T Horticlughtwmrmadg ne mi cacy,
T Ef fideiheunmti di fi cation, and
1T Greenhenwsed sipendar ds.

Theeroposed submeasures apply tbaoelwi tbastwut
CEper atialntserati ons that change the occupanc
example, a warehouse converted to alChHHtfiagil
systemasoral |l ing newodeH¥AnGdemscanhi €_EH facil it

Horticultural Lighting Minimum Efficacy

Thbeorticluightm aalg neb mMi sambggasure proposes a mandat
requirement f orupmi2nélmunh chRadfe ( OMol /J) for |
used for plant growth and mai nténavrwae& Kitwh ainndo
of total connected ot iac umli thu man® MBIPFhItoifimnd . | o a
greenhouses w#&hW mdr @ ottladn connected. hlohrd i cul t
submeasure reguickesconmeol s and multil evel [0
of CEH fAddiltiitareasl.l' y, thi d$ hsullmsaguni eagr @equithes
power ssyesrtveinmg CEHh coptaictéusrgahltoiaadgsee pat ed fr om
other |l ighting | oads

The submeaisaisoe n&applconstruction, additions to
change the occupancy classification of a buil
to a CEH facility),vamredl| a@lldpemgaeénbner tmatei affo

| umi naires serving an enclosed space.

Efficient Dehumidification

Thef fei ci ent dephruopadsdd cavbmenasure applies to n
faciandewlsy installed HVAC and dehumidificati

The submeasure mandatefSolthewusege o¢éhyoamieednos i ¢ &te
indoor i gfgooowm | i t i es:

1T St aaadone dehumidifiers that meet the foll o
factors as measured bhet CGedeesft €Eedeéer bl oRe

2Q2ZTitl e 2F) nBASHE ReipRdr2RCOW ROCH|9



(CFR) TAppendiOx X1 to Subpart B of Part 43I

1 .Minimum integrated ener gydufcatc tcoars eo fv oll.u7n
of 8.0 cubic feet or | ess

2.Minimum integrated energy factor of 2.4
greater than 8.0 cubic feet

T Integrated HVAGsistyesate nr dvaod vhereyheat i ng dehum

air; or
T Chilled wateaxnrsystbmawi tbBcovery for reheat
T Solid or |iquid desiccant dehumidification
a B0 dewpoint or | ess.
The submeasure sieqaimeast thecownery system to b
| east 75 percent of the facilityds annual reh
This submkessupeogxesmpst tOGEH facilities from t he

requirement tsa dieossbaiwlhean cairbon 2)diemxriideh feCrOt
used as a strategy to promote plant growth.

Greenhouse Envelope Standards
The greenhouse e nsvueh nnepads asctiessnedsaarodnsf yi agde xi st i n

| anguage as it relCotdes |tamgagragenhdhwawses.s diffic
apply in practiwpt aken dfmpmeedaes urhees t hat wer e de
energwanideemaefit the facility owner over the 1
Cmfusing code | anguage can al so Tshleave fdevwn t he

St at ewi dlee dmMsSEpr o ppoastihn gofa compl i ance for green
clarifymegswhprglhy to gr@dehbansepo ttdher ddumge age
t hepporitty for mi sapp| iScpaetciiofn cian Ipypa dihiose s ub me

the following envelope requirements specific
T Opaquesawmalplaqruccof assembl i es munsan dreetectr yt he
i nsul ation requni rle2nden7t.s i n Secti o
T Nowwmpaqudalsssemb!| i es amombi Whfaaledfor0. 7; oand es s
1T Nowpaqueagsgsoeonmbnluise s hawmb idhfeadcd fo7¥®r. | es s
The submeasure also exempts greenhouses from
envel ope r efgouri rweinmmednotws wal | ratio, skylight roo
requirements for | arge enclosed spaces.
The proposed submeasure applies to newly cons

greenhouses being converted fFamtbecopndeti bhe
poposell ieeps to additions to conditioned greenh

2Q2ZTitl e 2F) nGASHE ReiR2Or2RCOW ROCH|10



Since this submeasuerfef, oirnnsta@me@asdecchtadupavi ngs
i ncrement al costs.

Scope of Code Change Proposal

Tabl:e Scope of Code sQhmamagrei zRerso ptohsealscope of t h
changes and whstcan dsaercdtsi,o nRRse feefr ence Appendi ces,
Cal cul ation Method (ACM) ReferencevoMéwual , an
modi fied as a result of the proposed changes.

Tabl:e Scope of Code Change Proposal

Submeasu Type ofModi fiModi fi Woul d Modi fi e

Name RequireSecti cTitl e Compli . Compl i a
of TitPart 6 Sofdame Documen
Part €¢€Append Modi fi

Horticul Mandat cl100. 1,No N o NRCPRE
Lighting 120. 6, E
Mi ni mum 141. 1
Efficacy
Horticul Prescril40.6 NoO N o N/ A
Lighting
Mi ni mum
Efficacy
EfficienMandatcl00. 1,No N o NRCPRE
Dehumi di 120. 6, E

141. 1
EfficienPrescrildd N o N o N/ A
Dehumi di
Greenhou Mandat cl100. 1,No N o NRCP®PRE
Envel ope 110,. 6 E

120,. 6

141. 1
GreenhouPrescril4da0. 3 No N o N/ A
Envel ope

l1These documents can be found on the Energy Commi ssiono
https://www. ener gayn-ttoap igoosv// prr cogHe smmsecflyfuii csideanmcgya r d s/ 201 9
bui l-enermdy e ccy

Energy Code Ace also provides a tool to navigate Title
Appendices, ACM Reference Manual, etc.). This can be f
ht ps: //energycodeace .-acxd %ol ent/ reference

Additionally, Energy Code Ace offers a number of traini
understanding the Title 24, Part 6 requirements and su,

2Q2ZTitl e 2F) nGASHE ReiROr2RCOWROCH|1 1
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Mar ket AamadyRegul atory Assessment

Californiads CEH mar ket has hi veegritadl ley amelen
fl opwerodu,ctwiotnh ap B .dbBiil ihatoenlay e § UiSD A2 @TDhLe9 )

mar keats experi enaoeadwtohmpifeealf n ncamidusitmge Cal i forn
| egalaidzaede cammalRiOwd8pphr ox i$nBatlelbyi | | i on in sale
(Dorbi amh20k9)atddm@ti eédoor damrcndriseeson 2019
Cal Cannabis |icen&neagtigmibao tQyaaltii foairoroira cannabi s
facabvetsRddd Wh per sopudarca(newt Frontikend@ods8)
facilities using HPS Isagmpasr ea f eoroa g ew h2BD2s k who spee
aver aglkwh78er square foot

Thkewyar kaectt af s eyt dfgsopas@&per aatnodress i gnf@E 14

faci lkigui epmpnuiuaebuwsi |idn nmeandt & cuttriildinhea es.
technotaghewsompl iaamebhder athna@odlavpi |1AbI &e

time this repdrndfwaédlediimi2sidi zetdeked Desi gnlLi ght s
Consortiumds Qualfiofri @ dn dRrooad wontesivi Lipgseifpacieldi t i es
efficacy r@ewsirgamemgtht s CoOhsoptopms@®20¢humi di
requiremenss chehami dofication requiremengyg i n
codeand major dehumidi fi catrieovn eeweuwli p nmeen tp rnOaNOUS
code | apQutaygeof D&heepr2pd8ed gr eecroldceuse enve
cleanup aligns with requirementEsnerregcye(neldye ado
Buildings I.nstitute 2020)

Cost Ef Yenoess

The proposed code change was found to be cost
bendgfeiotrst (B/ C) ratio compares the benefits or
l5% ear period of analysi s. Proposed. ®ode chang
greater edfecdaosvte. The | arger the B/ C ratio, t
from energy cost savings. The greenhouse enve
energy savings and i sefnfoetc tiinvcel nuedsesd siruranintiialwey .c oTsh
for the submeasures are as foll ows:

Tab®e Cost Effectiveness of CEH Proposal s

Submeasur e Name B/ C Ran
Horti cul t uianli muing hetfihndgp ac y 6 .-0. 3
Horticul t utianli muing hetGifregeabgus 2.-3. 6
Efficient Dehumidificati on 2. 2.8

Se&ecthfoorthe met hodol ogy, assumptiedrinectamnwvenress
anal ysi s.

2Q2ZTitl e 2F) nGASHE ReipR2dr2RCOW ROCH|1 2



Statewide EneEgegergywMadetrs: and Gr eenhouse
Emi ssilonpsact s

Tab3presents the estimated energy and demand i

changewotubaet real i zed statewide during the firs
24, Praecqgu i6br ement s adeairnsefat eeowt deFiemetr gy i mp a
represented by the following meaoaurnssper!|yeanr.i
(GWh/yr), peak electrical demand reduction in
mi |l i on rt hyeerawms (pnei | | 1T on therms/yr), and ti me o
savings in kilo British th&e@alcta@fmant smpree yea
details grathestfateswt de I mpacts calcul ated by

Sectdcoommt ains det-anl s enetbg pavings calcul ate
CASE Team.

TabB€&i rYsetaSrt at ewi dye &meérigmpact s

Submeasur e El ect Peak EIl eNatura TDV En

Savi | De mar Savin Savi |

( GWh / ReductiMMTher (mi | |TiDo\

( MW /'y kBt u.

Horticultur al 325 22. N/ 8, 34
Mi ni mum Ef fic
(Total)
New Construct 238 16. N/ 6, 12
Addi tions anc¢ 86 . 6 . N/ 2,22
Efficient (0. (0. 1. 332
Dehumi di ficat
New Construct (0.2) (0 .) 0. 256
Addi tainadn sAl t e ( @) ©.) 0. 76.
a. The savings calculations assume the maximum PPE of 2.1 pMol/J for indoor growing facilities.
The proposed code change applies more stringe
t maxi mtiozeef f esvvags potential for théestate al

|l ower efficacy7@Maluliy efmemtgrodembhmoe sfelse yir mivli idtey
l ighting tfeoaohmalegoibenséss @ enhousesliodhtge n
incrdaygéehagirns or suppl emeOpe Mmatdiusgadr ¢ i ghpi cal |l
than thodéaaci,l istbhiiess mmagpwhie as costneffective
greentsouse

Tabd4presents t heoe&HIait egda sancsci at e wpirolposed
code chandgéhet hgeat andar ds Awvroei dend eGH@& cetmi S S i ¢
measurmatiinc tons of car@en rdiCORiedss eqpi vaheent
used in devel opi nagr et hper oG/H Gl eSda&in ¥hmpse o doi tamiCs
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repdht. monetary value of avoided GHG emission
and iasdfhfeect lavaelnyesiss .

Tab#e FiYesatr Statewide GHG Emissions | mpacts
Submeasur e Avoi ded Monetary
Emi ssi Avoi ded
Metric Emi ssi
CO2e/ ($20
Horticultural Lightir 78,1 $2, BR 7
Efficient Dehumidific 6, 3 $190,
Tot al 84 7 $2, 534 1

Water and Water Quality | mpact s

There are no awastoecri asteevdi mgst h t he proposed subn

Compliance and Enforcement

Overview of Compliance Process

The Statewide CASE Team worked with stakehol d
compliance and enforcemeni mpaoctess$ hwosud pdt oced s
have on various mar ket actors. The compliance
Measure Description, below. |Iwpak@dsetdhmtmaihlee:t
actors ar e Adesecnrdiiliende ikney 1 ssues related to co

enforcement are summari zed bel ow:

T Greenhouse and indooralC&Heftspectel yodesi gne
Califonei@pdeoE the. first ti me

T Compliance deedment benuapdwagydt hat all ows f
under stamdiingpl emént hegiegqmud e e ment s

T Builidnsgere ®dhsadavaec c e stshet ot ool s, training, al
becokmowl edgeabl e abouandemetegaoEdment 6§i c
equi pment .

Fi el d Verainfdi cAaxtcieqprt ance Testing

Tinmsewi t ch | i gHhtohronrgt icowlt trwd &l € d wnighitdeiph gnce testi
usiaammgxi sting acce@dmmpmwicali @esshown t hrough verif
permit documents.
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1l ntroducti on

Thid®cument pr esentcsodree cconhahmaghedse @al i f or ni a Ener
Commi swiiloin be consi del202igf fypyowalhanp@t en i n

suggespgriiomrs to the adamtfiooat,i tdle2alse aekmanioll der s
Commewi $| not be released for public review o

The Codes and Standards Enhancement (CASE) 1in
to support the California Energy Commi ssionés
t h@al i fEonreywCga d(eTi t 1 e 24, Part 6) to include new
existing requirements for various technologi e
(Il oOw®Ppcific Gas and Electric Company, San Die
Cal i forniandcdtiwvonPubl i cliytoB@wrAend) el teisl iDteipaag t me n
Water and Power and Sacramento Municipal Util
Statewide CASE Team when iinscploundsionrge dt hteh i GA SeH fAo
program goal ds submptepao@oaml s-etf H a&tctwivlel res
enhancements to improve energy efficiency and
buil dings. This report and the code change pr
effort to devel opf tecthinveméeés anidnfcosmati on for
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewide CASE Team submits code change p

the state agency that has iauteh o2rdi,t yPatra ab6d o plthe
Commi ssion will evalwuate proposals submitted

stakeholders. The Energy Commi ssion may revis
Commi ssionds 2022 Title 24 wdlesnatke nfgors cihrefdaur ra
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progreamsedhfuiicsiteanncdyar bsi/i 2-@d dhrpdVf i Ci ency

The o ral IFig@@ASE oRepdrits i s to present a code
controlled environment horticulture (CEH). Th
supportinghahgecode

When devel oping the code change proposal and

presented in this report, t hei nSdtuastterwyi dset aCkAeShEo |
includi ng ngdruswearys ,associ atmamwf acntdu raadrvsd,y alt weisl, d
incentive program managers, Title 24 energy a
horticultural coaeemnmplcihEamMEecantatter experts.

incorporates feedback recei vedstduati ntggpd&dtl d tce
CASE Team held on September 19, 2019, and Apr
The following is a brief summary of the conte
T SectdicMe as Dres cr iodt iIFOhMCBASE Repoes provid
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de
de
s e

Se
re
i s
me
as
or

Se
en
al

scription andt hé s meé asTkhg esoausngmo teise@amt s
tailed description of hlow htehdi si nc otdhee cvhaarni
ctions and documents that make up the Ti
ct3idm addi tMamk dto Araaelty ins t htessadecti on
view of the cur.r elnhti smasrekcetti osnt rduecstcurriebes t
sues associated with the codeedhange, 1in
asure overlaps or conflicts with other p
fire, seismic, and other safety standar
enforceability challenges exist.
ctdiEmer gy Pawisreqid suntihte epneerr gy, demand r e

ergy cost savings assmdieatcenda nwgiet.h Tthh es psre
ssescribes the hmd&hadewiody QASSEl Teami mat e

peunémer gy, rdeednuacmatdi b ne ceorsgw i ngs .

Se

az—0m DO S0 Y
- O ® Y TS0

o ®® YT D

Ap
me
wa
s a

Ap
an
an

Ap

ctiidrmise ctiinocnt udes aanmdrsesuesrstisonanal ysi s of
terials and | abor required to i mplement
i ncrement al cost . 't also includes &est
I .e.timgqguapthemtr| obe periodic costs
ment and maintenance during the per

— — —+
2 oo
ODQ.I o -

-3 o —oN<D O

fYetar St atewpdesémpactise statewi de e
I ronment al I mp of the proposed
2 code takes e t. Thwesubdcl udes
y California b I n gi nocwneearsse sa nodr t e
ons) on mater. [ h emphasis pl ac
r
0

S o< D00 T nOO
-+ >

n < o
D TTO O NOD

—Qq ~

beyd tthoex isct at e Stf atCawi deorwataer consuir
reported in this section.

D

ctAii®®m oposed Revisionscdrmc |Codlees Ltame uraggpeo r
ecific recommend@debeasi wnddr @adddt i ons)

nguage for the Standards, Reference Appe
thod (ACM) Reference Manual, Compliance

cument s.

ct8idBn bl i ograpdiyts the resources that the
ed when developing this report.

pendi StAtewide SavpngseNéshotdel mgyhodol o
sumptions used to calculate statewide en
pendi EmBeHlldedtirn cWattyer Mpt bhedot egyhe

thodol ogy ands adcsaiocputl iadrexct hieci ty embedde
ter use (e.g., electricity used to draw,

vings resulting from reduced water use.
pendi En@i ronment al | mpastnat Met hedmkeobypdo
d assumptions used to calculate i mpacts
d quality.

pendCxl iDf ornia Building Energy Code Compl
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Speci fpraesenns resedaohapgep to the compli
any) .

ndi xmpacts of Complianceprrevsketsst e Ma
mmended compliancei ¢pamntmafsikeedc oattdor mmpac

- >
o
o
o

0
endi x F: Summary of Stakeholder Engagem
engage and coll aborate with market acto
e

T O

nNndExi st i ng Codespraondi e anaatr dasl |l anguag
standards related to energy and water

nd$xurHces of Cost Data provides source:
Team devel oped basedndet lmenda @tr oploserdi «

n:vioxdilf i cati ons to Lighting Proposal af
rt

ndMoxdiJfi cations to DehunfPudifcadaitoonoPr o
t CASE Report

Appendi Noki nal Savings Results

> 0> O 2> >
T ©OT »>T ST OT O

AppendSuwmnary of Draft CASE Report Comment s
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2 MeasDescription

Controlled envir onGiH)t arl a theorret u tctud rt aulr emet hods
greenhouses and indoocommomwli wgusaacgiflonikesrbdit
mi crogreens, f | oweé&rHs ,f aand i d airerdadairssa. veeners@y hi st
operabeocoagesey must arttheceabViyonephtabtenput
produce crops: |light, water, air, nutrients,

have separate rooms for each stage of plant d
can be set to meet the :plsercpsdd pagads oat, eazglkt
budding, flowerThg,i mmut 3§ i preemiingterconnected,;
of Iighting technol ogy c¢an wgrudatiplay ta ftfheec th elad a
ventilation, and ainrd dcecrmhdintiidoadfiircgat(i HWAG)y sa e ms

Californiads CEH mar koevt4i. i lcuiroentlty hasd ulids &
dri vdm pgadyoducCcUBEDA DWiI9new growth has | argely
since Calif ardniilste |l cgamma®&i®dThere ar €90 @@dE&rHe t han

facilitieswiitrh 7melrfldodner oducd i (WSBAHa2019; CA
Department of Food M&rAgnai@wul(truorueg h210y2 07)0. per cen
facilities ,gmwhw chaaibmiiosi gs eenhouses and 400 i
faci.l iThheesl argest growth segment has been indc

which use the most eomplgetedleycldiggihdhserymgarteeldy i n

t he Execut i vree rStpgnmmaanrdy ,f oer cannabis grown i n CE
proj ecetxecde3eBd® gi-pawast ( GWh) of btyot2s0id@ewmer gy us
Frontier 2018)

To address this increase in energy demand by
Teamr opasheseaendat ory submeaGhEHMasiteltatsed to

T Horticulture I ighting minimum efficacy, wi
and indoor growing facilities, as well as
facility typ2e}¥l (see Section

T Efficient deshsunmvedird @ sogttfimanh e ¢ a Fsriednet
econonpirzeesrcr i pti veheaqgquoar bmanti oixd diesedr i ch
(see S292i on

T Greenhouse envewopéd sesnhaeptdapdsyequirements
feasi ble compliance path for g2&nhiAdhuse co
cleanupgoedistortesult in savings c¢cl ai ms.

The Statewide CASE Team pracp @s €9 vieog eda tpg pareiss
proposed submeasures apply t oEH efwa ciolnisttiraus,t i 0
alterations that change the occupancy cl assi f
warehouse converted to a CEH facrkiqQuy)ye hight
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permit and compliancei wst ahdamigretp@dy e rPtairdi 6 ar
air conddiVtA)conoirngne(w dehumidi fication systems i

Hi st orCiEcHa Iflayc,i | i t i edi hecdlryeats elde dmui | ding etype
24, Part 6li tHewever ,Part 6 regul ates envelopes
mechamtVA&lyst ems of condi tasonwedldg reds@onuis@iss ¢ 1 at
may be used for Whdber2baetiTcul euké, Part 6 d

havsepecrigguwi rements for CEH facilities, the re
t henergy Comsmcepeoabsed buil dunbdi Oreclupthtnk y
Group U. Il n a2oOom@dance4wi tPhart 2, Occupancy Gr
agricul tural buil dings and greenhouses.
Compliance and Enforcement

When developing this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actors who are involved in the process
section doews ctro bcessmphnl y with the proposed code c
compliance ver iApipceantdpiox@sEpmtoos elsew t he proposed

i mpact various mar ket actors.

The pr ocpoodsee dc hvaonughedsv e s i gni f i @lplhbas eonfp atclhe omr o] e
since Title 24, Part 6 does not currently reg
The activities that occur during each phase o

T Design PRPma®evner, developer, architect, and
invol veesimgnt méd & CEH facility familiarize
requirements and design the Arachiltid gt droalmes
basic mechanical systems curupdatyngottbhhso
proceascoont f or nsewourhedduibree me mptr of ound c¢ha

T Permit Appliclahda ome rPrhiatseappslai camt i ¢ 0 malt et @ |

compliance documuwitl gdinmg emlsam® are consi st
information in the certificate oefr coompl i an
gener al <contr astthoer ruosluea lolfy pfeurlniiitl lappl i cant
an enforcement agency familiarize themselywv
determine compliance.

1T Constructi &nePdasbanges resul timmgainn nonco
approval of the revised cerAtsi fniecebldeeed ,0ft com
permit applisampr cwoalr dofnaftieel d changes wit!

the enforcement agency.

T I'nspecti oAn Phppropri ate r espotnhse Iclieerapi@ar oy
install ati on dosdithme rdtocaumke ndultmi tt he enf orce
general contractsbhencemal fycaaglemiof instal.l
Enforcement agency dtihed dc @rntsipfeicctaotre roefviiemms t

2Q2ZTitl e 2F) nGASHE Reidr2RCOW ROCH|1 9



certifi aacepodancel hteo ceunmmeortcseement agency fi e
may conduct a visual i nspection of the pro

2. Horticultur al Lighting Minimum Effica

2. 1Mdasure Overview

Thbeorticluightm aalg neb mMi csamegasur e psreotptbismegndat ory
requirement for minimum phot osynat.lwi tcir o npoH etso n

pejoul e (OMol /J) for luminaires used for plant
growing facili tdileWw oof ttoewcatireedc dhmoarnt i ¢ u latnudr a | | i
a mini mum7®mMBIdf] 1n greenhodskeW oni ttho tmeolr ec o rhna
horticul tur.alotlailglctoinmg cltoeead | i gahst itnhge | noeatdr iwca st

trigger ttohal d @wdwengdr opwearns r @ & $ dedmeanramhteo r el evant

| i ghctailncgud. atAidaln tuiso maglalty connectedul dgipriong dleo a
clear wayl 8bng ctodet ef tomphhanmeaAuttdt 4l
connected horticultumwals Icih@lstetinmrgesd lbdihee soef 40 k
requir eémemtsni ze financial buwrydemxeawpts mal Iteérenmg
the efficacyCalequli ateimemg sfor energy savings at
canopy square footageal amogt pes aal ngwed of st at e
using the squareu$iongagkeocosanmsbpwpfiiorecast.

The 40 kW t hr e s8h0elll,d0 0e0q usaqteBsd £t ok aebpy f or an i n
grower using 1,000 watt high25 ewiucle sepi &sne |
t hlei ghting hiegqhéestdehme®nrgyananty&nesdwey soat ips se

al ownt easityght photsapenmuilead emalTheabmeédbsexebild:i
requirssiticmea&oohdlrtoillsevel liighhatnhg tcyojmed g odfs CE
faci Addi ¢elsyonalhi s submeasure requires the desi
system serving ClEHrtipacletsurs@hihbsiegpheifiarnogm | ootahde r
l'ighting | oads

The Statewide CASE Team poopbobdadlgtharidnkegs s fdtirciarc

standard for greenhouses as compared with ind
reasons. First, greenhouses do naotayneaegdtas mu
Second@reenhouses are used to grow howeder ran
and vegetables, that have | ower | ighting need
the indoor grdolwi,nd efsacisltirtiinge)ht r equiorudment s
put | ess burden on veget ablee rephaft mawerprprfaowe

mar gins than c aFnonuarbtids | gporwewe rPSP.E f or greenhouse
option f orchgrogsieee shoos a agrheewi ndhan fadomor gr ow
fl exibibhitypywabl e | i.ghltacng Weeghmintood dgg €4 E®)

Il umi maieree | ar gerl utnhang iaHIRSOh adi ng i n gui @darehous e s
research study finding that LED toghlimigmesaus
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eatetrhathR&TRadet sky Whd18&) t hi sadidyswe erday nbe o1
ars by luminaire redesignpaodi dechgnopogonrosal
an LED lighting for. greenhouses is importan

< Q

O T C O oD =

e sSsubma@psliibpesnew construction, addtiitanosn st haot
ange the occupancy <classification of a buil
a CEH facility), and al0t epeatieobhsotrhambrienwovod
mi namresded f orseplva mtg gmo wtnfthleoplade nd pace.
reshold iIis consistent wi tlhi ¢hhtei nd rreesthrod fdi tt rg
nresidential bal.ldim)gxl ) Secti on

The proposed PPE | evel for indoor facilities T
CASE Revaor tred efasr pubhi &un.eRLteHran propose a
l evel OMbD|t2hJel St at ewi de | @A $eradiemam ngup PEE2o01
OMolw/iih consideration for a | ower PPE based o
mi ni mum ef fi ceacdys aomd tahted nmealfrdkneith gs ows hin dir ect
response to feedback the Statewide CASE Team
uni gue c nmetsa of the i ndoor horticulture indust
mar ket to compekaofgacnests to tradiThieonal me a
pursuant seeepoemonstthte that a PPE | evel of
justifiabl eSpceoccde,i dcled@dg&sect i venessoaihml peds
Secti.pdhndhteechni cali gdiesacsushsdd BiymRAdect i omal

5~ — = 0 4

i nformati on Apsp eprdidhvi dEence rigry Commi ssi on wi || re
antdhe information provided to support setting
i nformed final decision.

2. 1Masure History

Thentr oduRRE owhiocfh | &o rstpieclildtigci #algp a new propos
the 2022e 24, ParThe 6i méhcetmmkedgmetric for hor
lighting efARRERhayactda®imEeslti fom a | itghhatt siosur ¢
usef athppghot osypt bemaears unit of Ldmeirtg yn gu paogve.r de
(LPD3 anot hterhtmetlhuesestds peci fy ener gy efsffioadi ency
horticul t.urlaRWbalsiegthttognnlgi g h piefily ipodviescr i mi nat or y
whet her the | ight is usefuThiformdthrei @ hiod oswrnrt e
i tlRParkBgb6set an eneddgwmbuwdde tggfneiplalcemi fatri o

2The Draft CASE Report cdan pee /f/laund e®2mlsitme etheorl edier s. ¢ o my
content/upl oa-€@& HerOafBt5-R8 pNRt . pdf

3See moriel sdeabaout st akehol deAppceonmimexntls received in
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and human oSeea pSeBetyd . @lr. 3det ai l s on horticul tur.
practices and why PPE was chosen over | ightin

The American Society of Agricultural and Bi ol
DesignLights Consortium (DLC) | aid the founda
definitiomsy gmrd cae dtueset if or .Aositmicluarnt upradpds aglht
horticultur al | i gWwéa s ngo ms ind enu endaesh hpidacratp pafov e d
l nternational Ener gy )2dn2sle rsvt aatnidoanr dGd dge€ C(t 1i Eh@C c
201.9)

2. 1S8mmary of Proposed Changes to Code Doc

The sections bbbwwessmmamadiaz € s , Reference Appe
Cal cul ation Method (ACM) Ref edoecnucneeviiMatnel al s, a
mo didf bg t he proposed Tdctamige .r &Sper tSefcdn ocet ai |
revisions to code | anguage.

2.1.3.1 Summary of Changes to the Standards

Thirsoposal would modify the foll owing section:
shown belScew.ti®enet hi s repoptcbde mangwedge.

SECTION 100.17 DEFINITIONS AND RULES OF CONSTRUCTION
Section 01LD&f ilfibRe ommmends new or revised defin

New Definitions:

T AANSI / ASABE S614Thel ULWRrOplorsoe of t hios amMaelw adef i
reference sedndatdoiher rel at edl htios hcdiratnigeeu lits
necessarg testndstandard for PPE specificat]

T Acontrolled environmpadidher pucploser ef (CBHDE
i sdedi neproaoatewpe t hat woultdh eb eprcoopvoesreedd nbeya s
The change i si dneencteisfsyarwhitcoh st andards apply
spaces.

T AgreenfibDbusemur pose of dtehfiisn ec haa nbguei lidsi ntgo t y p
be covered by theThi ep o® ed dneebcaenranst eetdaenn tiisf y
which standards apply specifically to gree

T Aigreenhous e, oiTchoen dpiutripoonseed o f dtehfiisnegphma mge i s
gr eenhtohuaste woul d be covered bhi sheprewrdpbserD
i Becessadgntofy damideh aptpdly to greenhouses

heating/ cooling capacity.

T Ahorticul tidhel purgpbskanpdedadanfsisteo a new term
in the propoTsheids meevs udseefti nsittanodharidss f or | i g
specifically used in grow processes.
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1 indoor i dhewpuongpose of dehfiidsdEdhasmgepe st h at

ould be covered by Thespnewo dnedc enseshasrayn eti os
i fferenti btee wettandadoogr éachodousees and
integrated HMWMAQ rspyossteecrodgh n gtéoi isdsef i ne a new |
sed in the prdposedemedstr aiatliloorw itshimeces
ystem to be used as HVAC system option.
photosynthetic phHohenpefpocsRayftdoPiRdEed¥d ne a
ew terdmiuns t he propbsednmwa dnaef ceensitsta rayne ti s
he horticultural l ighting standard.

pot osynthetic piAibeopufrlpose( BPtFot ddiesf i cnhea nag e
ew term used i n t hTehipsr onpeows eddeef ohenaitstai ognt i s
he horticultural ' ighting standard.
stahone dehiuTmipsfpes® of tthoi sd ecfhanegea insew
sed in the prdposedsmeasessesary to set the
tandard.

—.
W o ot S DTS Dt € ot s D

Revised Definition:

proceosvse,ii Edpsair poser efi $ &dd side ft @Eédpdarc e s

o the |l ist of Tchadweried npercecsesssasegs.t o all ow t
equiremelCEd processes.

greenhouse or -Dhae depwmr wo el oawfdo t hyi st cehange i
intedeédni tion of this word. This is neces
proposed definition of fAgreenhouseo.

) B s 1]

SECTION 120.6 i MANDATORY REQUIREMENTS FOR COVERED PROCESSES

T Section 1M&ndgdthgry Requirements faort Contr ol
HorticB8paadse purpose of t hias ncehva nsgeec tiisont o
(Section 120.6(h)) so tédmacaadel i me puier s ti ¢
Thinscl udes standards related to horticultur
control sgiowimgobacilitiE€Bi andhgngenhsusese
cl garshow what requirements apply to CEH f a

SECTI GN1TIMANDATORY | NDOOR LI GHTI NG CONTROLS

T Section U3WuQF(Fc )ConThel pur pose afootthei st hcahta n
separate controls shoul d exi. stThfiesr chharntgiec u l
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necessangygute that contr ol Ssystems
' i ghting, which require disf,f eraevret

SECTION 140.6 T PRESCRIPTIVE REQUIREMENTS FOR INDOOR LIGHTING

for gener
dliif.do hetriemg

1T Section 14@r6cayB@etive Requirements for | nt
Lighting Watt alghee BEoxucrlpuodseed :0f t hai sc |cahrai nfgyel nigs
statement sphaussGCEH omply withTlsiestclmandeOi &
necessahgwihtaot s ecctoidoensi mppfact CEH facilities.

1T Section 14@r6cayBpPtive Requirements for | nt
Lighting Watt alghee BEoxucrlpuodseed :0f t hai sc |cahrai nfgyel nigs
statement sphawussGCEH omply withTlsiestclwandeOi &
necasy to show what sections of code | mpac:

1T Section 14Pré¢se)BPtive Requirements for | nc
Lighting Watt alghee BEpxucrlpuodseed :0f t hai sc |cahrai nfgyel nigs
statement sphawussGCEH ompl y wi tbi{ThiestcmandeO0i s

necessary to show what sections of

code i my

SECTION 141.1 7T REQUIREMENTS FOR COVERED PROCESSES IN ADDITIONS,
ALTERATIONS TO EXISTING NONRESIDENTIAL, HIGH-RISE RESIDENTIAL, AND

HOTEL/MOTEL BUILDINGS

T Section 3AiILont(ra) |l ed EnvironSmeaacddHor t i cul f

pur pose of t hadsh cnheawn gree giusi rteome n't

for hort

alterations that i ncr ea®0e pleirgchetnitn go rwantotraeg
l umi naires serving an wintchll otshded | Ss\ma ecd fti @€ ac
standaprdespasned SectTihdamrs Ih®.n@(eh)i sl ingercessar
efficacy requirements for alterations wit

f Sect
hor't

addi
unnecessary application of the

2.1.3.2 Summary of Changes to the Reference Appendices

i on 3EAXICEIP(Ta)N: purpose of this change

icul tur al l' ighting altenbhampsser tbhmlty i
ball asts, oAl siohliy daweemapeass any al teration

ng | i ghThing e€xaé¢ ptoil ano ipsrtetveecrets sar y
standard.

The proposed wooudhedtc hmondg effye rtehnece Appendi ces

2.1.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

The pr opos endgecooudhedtc hmeo dNof nyr etshigl@M t Reafler enc e

Manual
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2.1.3.4 Summary of Changes to the Nonresidential Compliance Manual
The proposed code cGhaanpgtee rwolud dC onoalri efdy hRr oc e s s €

Nonresidenti al C&€mpptancéOManuabvered process
NonresiG@emgliiadnceoMahwvBaedl to be revised to incl
on CEH facilities as a covered process.

2.1.3.5 Summary of Changes to Compliance Documents
The pprsoed code changef avloludwi mg ds ¢ yt it s of t he
Compliance Manual

T NRC®PR&E Process Systems

Compliance i nf orpmaotdiucans ifaonrc oav eC keldlu ipe eot etss b e
addeod the certificate . 9ccbmpl changedoaueamentdt
7..6

2. 1Rédgul atory Context

2.1.4.1 Existing Requirements in the California Energy Code

Lighting for plant growt,h Rasr te x6e nprte sfcrroinp t2i0vlied
requirements when the | ighting is eowttrcdl | ed
contr ol ( Se8)6) ormMNAad .caul t ur al l ighting in CEH
restrooms, officeespate) Sewoctuli onbé&éd4ubj Prescri
for I ndoor Lighting in Title 24, Part 6 wunder

Existing requirements for mandatory indoor |
facilities or tailor requirements to CEH faci

2.1.4.2 Relationship to Requirements in Other Parts of the California Building
Code

There are no relevanhherpgaoaposeamdnmeasurien on ho
ot her parts of the California Building Code.

2.1.4.3 Relationship to Local, State, or Federal Laws

Sever al | ocal andaeé¢ adeoaprieand s dhiecprocess of ad
regul ations related tAppmendioou@rourealdeltiagHtsi.ng

I n the 201®fchdekatday el Eanergy Code, the City of
PPE requirement of 1.2 ONCli/ty fodr Slkartttil cul2tOWr

Il n December 2019, the Denver City Council ado
t haetusARRE oOMbl 6J for |l uminaires(@intdy 10 DoV 6
201.9he propoapipdétsoocheew construction and addit.i
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The Massachusetts Cannabis Control Commi ssi on

the canmalliustry in the state of Massachusetts
cannabis cultivation in 2019 (PEXFre@MResd00 Adu
regul ations adopoé@d, i hhPeeembert hrreeel actoentdp Itioa n
horticultgustat éi ght Ma g sTahcEhiurssett tcso mmp. Isliedrsce opt i
maxi mum | ighting power ddapdi tcyan(olpRD)f otro oPpee rvad
fbr more and to 50 watts per square fftdbe of ¢
secocnodmp!| i anae qapthiesnt alclul t ur al | i g ot libiregt eecs e d

on the DLluG rQeunatl i fi ed ProdidRExétL il £t ecfeQais v e

the mi BL@WPm t hr.esThheel dni ni muPnP EDL. @ MPRa/s Jtohfi s
report.Tvarei ttihng d compl i afnaccei loipttyi osne eaklilnogwst oa U S ¢
l ighting not DIL&XPLudoerd ootnh etrhesi mi | ar | i st appro
Massachusetts C@€ammbstso Commirywhfiorer and provid
document at ipam tgf ctewitid i cat i o;n fod a ttuhree s nceefr gtyh ee
proposed |l ighting.

Il n June 2019, the Illinois state government p
and Tax Act, which | egalized cannabis for adu
efficiency facilit{(®Barifpoacal PoMactThiheRr g jxcentsemn
and energy efficiency specifics for a grow fa
Department of Agriculture. HB 1438 contains a
commi ti ntiomunm t echnol ogy standdarldd ifnori sr eGsemuerr cad
Assembly 2Amb%)y t hesetweqoietxeifimetist meet i ng | i ght
efficiency standards. One option ineifdtbfves hav
canopy, and the other opti onOMoswihtahy i mrgo cau PtPsE f
the DLC Qualified Products List (QPL). These

January (1,l 120n200As s@enbd ryal2019)

Tabb%ssummari zes mandatory standards on horticul

Tabbe Exi sting Mamdatsoroyn FHtoan i cul tur al Lightir

Jurisdic|{Year Stand|{Requirements

Type
City of |2015 |[PPE PPE O 1.2 OMol /J
City and|2019 |PPE 1.6 and 1.9 OMol /J fo
of Denve andampespectively
State of|2017 |[LPDTr TLPD oW/ %t6 c afnoopep at i
Massachu/Updat/PPE or equal to or?odvergbhBp
in 20/{canna of W/ Cfotf caopepwti ons

crop 5, 0fftof camropy
fPPE16% above the mi
QPL t hrwisthlolmr oduct s
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QPlwhi ch means PPE (
ot his report writin
State o0f|2019 |[LPD o| fTEither LPDobfcatoWwy
PPE f{9PPE O 2.2 OMol /J wi

canna QP L
crop

As of th@l8y of Santa Rosa requires all cannab
a multilevel astr(oiotnyi coafl Stainmbae sR#otstat bnwidd.e) CAS
Team i s not awdebkbaohl| obhamtdatre glpevat aoms ng t o
l ighting controls in CEH facilities.

2.1.4.4 Relationship to Industry Standards
There are tvwd umdanaFwsatnrty st andardg hdétiafrnighacy i cul

DLC published version 1.2 of its technical re
October 2019. The manual specifies performanc
properties, and output maintenancceulpruopadr tliiegsh

products wiDLIE BheoDm@i nt ai-eé6facRQPhcyyoLEDIi gbrt
l ightingLipghhtdiumg sdevi ces must hlavModi /) PrPEe ratt m |
gualfiofy QPdsi gn Li glhtn _ Glaweeetriusince the QPL i
manufacturers are still in tAhetmreddemEiafall i s
CASE Reportos apumpid o 2 reartceefnytt he DLC QPald par od u c |
PPE of 2.1 or higher.

Addi tyippnraclplosal for 2021 | ECC to require at | e
installed |l uminaires for plant growth and mai
OMol(N ECC @®4 9appirnovtende f i nal .Valhésecuimmalrdtzee s2 01 ¢
existing voluntary standards on horticultural

Rel ated to |ighting controls, 2018ul EG€ahas$si gl
be controlled by a time switch.

Tab6:e Exi sting Vol untHaorry i Studndiarads Lamghti ng Ef

Organi zation Voluntary Requirements

Design Lights |TPPE Omilc Qomelres oul e

(DLC) Horticullqg11huminaire models in DL
Qualified Prod over 20 manufacturers wi2
OMol /J (as of this repor

I nternational |[PPB1.®BMol(lpXToposed for 2021
Conservation (
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2. 1Codbmpliance and Enforcement

Since it is a standard practswice chorc oGEMHofl ¢ i |
horticultiuseaémpi ghtomg20leompiliaen2é¢, PpPaces6
enforce the proposed submeasure, a new compl.
established.

For @®a@amnabi s cpreorpmitty paepsp, Ul h @ eadl titsshte el ectri c wusa
t hdiomrti cultumalcalsieghwihreagapspubioeesals e,r ptrlog eger mi t
appliwawmieged to gather PPE rlautminngasds ragfes ntomes tprad g
compliance

For cannabosmptrapche wix@ddtiifmg ni a Depart ment of
Agriculture (CDFA) CatChampmadrits trlergud amploinance
the proposed submeasureDFSp€ai Canabbys hbsceas

requirements, Imusstaobmi apphhopptsi ze cal cul ati
diagram for i Adagdrt dndemisxexed ypemusithited uldieght i n
|l ocations of alll lights in gkefoanemy hadeagdta

(California Code of .Regadmpmltiioarmst g CCaRn) de tder)mi r
trigger the 40 kW threshold based upon the ma
di agndmthe projecproposeljbotttouthar al Il i ght
appliwauwmhtavesttgdtther PPE rati ngl(umi sosfi mtehee pr op
CDFA Cal Chnoaehssng r ecquilrllenfmont ssi eoend cyvamd ta g e
PPE ratings

For altlypemopawi bhtieast 40 kW of horticulture
t he per mi twoauphpdsioc anretesd t-bewv ekt ashwdi tbcuhmelii ght i ng
controls as well as coordi nastwa tacrh aacnet tmg sy e
with the proposed submeasure

To streamline the compliance process, it wildl
compliance guidance Nonr EEHCEmpliibdnd & sMamu d |h e:
t ootlrsgi,niamgl réoouboued di n§gf depalt bprebresro s
responsi ble for complianceFwith ¢bmphetwerligst
recommendations for simplifying the complianc
Tab@& Appendi x E

2. Efficient Dehumi di ficati on

2. 2Mdasure Overview

Thissibmeasure mandates thegudehami adnde i cfatt e fs
indoor growing facilities:

1.St aa-adone dehumidifiers that me et the foll o
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factors as measured by the test conditions
430:

a.Mini mum integrated energy factor of 1.7
of 8. 0 cubic feet or | ess

b.Mi ni mum integrated energy factor of 2.4
greater than 8.0 cubic feet

2.l ntegrated HVAGsistystlenawit @v@ewneegi goeachio

at | east 75 percent of the annual energy f
3.Chilled water-ssystbmawi tbBcomery to achieve
|l east 75 percent of the annual energy for
4 . Solidqgordldesiccant dehumidification syste
a B0 dewpoint or | ess.
This submkessupeogxesmepst tOGEH facilities from t he
requirement tsa dien setcaoWwlienmaez dahe use of ian air ec
controlled environment horticulture spaces Wwi
systemar bon dioxi dgséeermi chment
The submez@mpsliioesnewly constructed facilities an
repl aceyetinems inlesxiietsing faci
Over 50 comments were received in response to
2020, and as a result, the Statewide CASE Tea
comments and subsequegrnrowemyertsradeoengr owupdh, at

dehumi dn faxmdritos. A comprehewnai weuwagsgmsl anati on
descriivhppendi Rridmari |l ywasdei fpir ® ¢hsottsasal Ichol nl eo w

dehumi diufniictast alohh i ndoor ifnagc ielfiftiiceise naiyt hl edvieflfse
Addi t idehadrhiydi f i c athiaovni negqg utihpemeanbti | i twa ttea rheawss e
been sttmioenkéeme proposal based on feedback tha

cost s for grower s.

2. 2M@asure History

Standards for horticulturaéa debtasmEagurceati on
propesalbr to this. rTuH e mAtka thgwicd/enlpg@ASSElI Tiesa mdrs |
adaptation of standards recently developed an

Denver. l ndustry organizations such as ASHRAE
guidance document specific to horti cutt utrhael H
effort iIis likely to take sever al year s.

Il n the absence of a standardized testing proc
Statewide CASE Team proposes tostus@aldameexi st

2Q2ZTitl e 2F) nGASHE Rei2dr2RCOWROCH|2 9



dehumidifiers only. ®@bheeexbstodgftedtingtpeoC
Regul ation (CFR) Title 10, Part 430.

The proposed wowh el aesngerregsyeyr equit hiengse of mor e
ef fictieeanldone and dierhtueng rda $fy@ sctaetmsoni n i ndoor gr ow
faci.MTheis etsesnyss wtiitlecoeer ed energy to reheat del
of rel yi nngatsuorlaell ygaosn heati hg obpehebhtecthecaheatl
si-tecover ed reenheragwye sf oad si gni miacamtal amasnt acf ne
gas makigg appr opkemadcefaldyihO Or eheaEl ¢ wted i ¢iytpe.i ncr
associated with this measurferandedwpeaotpo sed el
recovery systems.

2. 2S8mmary of Proposed Changes to Code Doc

The sections below summarize how the standard
Reference Manuals, and compliance documents w
chamgeSee Settitbns report for detailed propos:

SECTION 100.17 DEFINITIONS AND RULES OF CONSTRUCTION
Section 01LD&f ilfibRe ommmends new or revised defin

New Definitions:

T Acar booxni ddei enniT@&hmpanmtp® sree w fd & fhitmsipteicoinf yi s
t his operat.i olnhails pcrhaacntgecei s anpcepoaey to cl
exempon ;mrsatail danra esdleeconomi zer .

1 Adesiccant dehumiidlihfei cpautripoons esvyoditeetrisiaist i on i
i denattiyfpye of dehumidification systTehm sper mit
changmeeciesssapgci fcyertain dehumidi fication r

T Agreenhdbee psuer poofn etwh idse f itndiitsitoinagibsus hdi ng ty
t hat would be covered Bhi s8hehpngpobssdnemeas
apply certain requirements only to greenho

Revised Dsfinition

T AUSDOE 10 CFRed4dBOQOpose oéfihibiokeeoisrerde dt h
testing method for measuring edédigycbtamgem
i's necessary to ensure dehumidification re

SECTION 140.4 7 PRESCRIPTIVE REQUIREMENTS FOR SPACE CONDITIONING
SYSTEMS

Secti off eD)4EXCEREIcOMOMi:EZlee spurpose of this cha
an exempttihgewm efscampti ve requi r ereantl dfiaCgEdh nwi g do
spactehsat use carbon dioxide enrigclomBhiits strateg
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change is necessary to clarify a psopgesed exe
economi zer .

SECTION 141.17 REQUIREMENTS FOR COVERED PROCESSES IN ADDITIONS,
ALTERATIONS TO EXISTING NONRESIDENTIAL, HIGH-RISE RESIDENTIAL, AND
HOTEL/MOTEL BUILDINGS

Section 1Iibni(a)lled EnvironSmeadcdsHorguarcmd s araef
t his c¢hamagned aitesevityo i nstalled HVAC and dehumidi f

existing indoor growing facilities to comply
foEHCpackelse change is necessary to establish F
facilities.

2.2.3.1 Summary of Changes to the Reference Appendices
The proposed wooudhedtc hmondg effye rtehnece Appendi ces

2.2.3.2 Summary of Changes to the Nonresidential ACM Reference Manual

The proposed wooudhedtc hmondy enyr eeshici@M tRefler ence
Manual

2.2.3.3 Summary of Changes to the Nonresidential Compliance Manual

The proposed code cGhaanpgtee rwolud dC onoali efdy hRr oc e s s €
Noomresidenti al Codepe | aafctésodMmamhael det ai |l ed propo
to the text of the Nonresidenti al Compliance

2.2.3.4 Summary of Changes to Compliance Documents

The proposed code cacangef woald obde&¢pl| i ance
Process Systems). Compli anoduesfanmatveordfpro
wouheded to ISeppeaxdddd changes dr.6 noted in Sect

2. 2Rédgul atory Context

2.2.4.1 Existing Requirements in the California Energy Code
Ther ecuwurrre@ot g quisrpeenteinftisc t o HVAC and dehumi di
facbeilmtti ke EaleirGayd en.i a
2.2.4.2 Relationship to Requirements in Other Parts of the California Building
Code
There are no relevant requirements in other p

2Q2ZTitl e 2F) nGASHE ReiRROr2RCOW ROCH|3 1



2.2.4.3 Relationship to Local, State, or Federal Laws

Sever al | ocal and state jurisdictions adopted
HVAC in CEH fAgpdndioes@Gno$eedet ail s.

The City yanadf Cheumvter requires CEH facilities t
for dehumidification:

1 St aaadodehumi di fication units with a minimun

T Chilled water system with heat recovery frc
dehumiadi bncreheat, or

T I'ntegrated HVAC system with heat recovery t

Th€ity and Donuneorgeo bl so all ows the use of sup
dehumidification provided that theaprliemasy @@
percent of the facilityds peak dehumidificat:i
mi ni mum energy effi-co@lnicygradquiopmenmt spaeed i n i
faci (Citt gsof Denlvheer St0alt9%)wi de thESEYyTaam Coedcty
Denver code as a model for the proposed subme
The City of Santa Rosa requires a ventilation
person in the cultivation @Cietay foff $drt auuRbdea

The Washington State Energy Code exsimpd s i ndo
economi zer requirements i f cooling equipment
(Wahi ngton State 2015)

Il linois state |l aw requires canffebi sagopw fac
have -enfifgihci ency ductless split HVAC ftonfits. For
canopy, the | aw mandatreisg etrhaet iuosne folfow aHM Aal |uen i
efficient units. The | aw also mandates filter
dehumidification wa(lelrl,i mmids erx.cck.s)s runof f

The Massachusetts Cannabi s H\WAQG reond Cherhmi msisd iofni
systems in grow facilities to meet the stated
relevant ASHRAE 4dqrmsd altEeC® fmdatarsisasc husetts n. d.)
CFR Title 10, Part 430 shasm dmirrdismum rp erofnsrumeernr ¢
dehumi di fiers, i ncl uhdoimeg dpeohrutnaibdief iaenrds . wh@HRe Ti

430, SubMpapendspeXi fies a testing procedure to
performance of dehumidifiers.

2.2.4.4 Relationship to Industry Standards

Tere are no industry performance standards or
facilities for dehumidification equi pment.
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Il n 2019, ASABE and ASHRAE started to develop
( ASABE/ ASHRAE Standard X653) on recommended p
dehumidification in (IABHRAIE, g AGWIRAE fPAd @ainlti tainas

Environment, Technical Committee 2.2 2019)
There are several existing industry standards
dehumidi ficati esnpeecqufiipcmetnot OhkEobh faci |l ities. The
assessed whether existing performance testing
equi pmesapeabhic to CEH facilities could be ad
concluded that these <t ampdanes woulrefneed tegu
performance for CEH application.

The Association of Home Appliance ManRlufacture

2017, titled Dehumidifiers. The standard est a
rated capaci towrisn amidntl s tppers Iper KkWh perfor man
dehumidifiers under sp&Eiadnedédesgercemtditeloas,i
The test conditions for this standard refl ect
facilities; howegureed darhley tfecsrt posr tdeelsl e equi p me
capacity. The testing procedure for dehumidif
B-Appendi rRc&Xr porates by reference andsl everage
standard, ANS20@&8LrNMaDH I nformation Institute n

The -Coinrdi ti oni ng, Heating, and Refrigeration |

Standard 910, titled Performance Rating of 1In
procedure could be adapt edy gtoe m-e¢cigrheectpamr k age
c omme rdeeihaulmi di fi cati on systems used in the CEH
research needs to be done to establish mini mu
facilities.

AHRI al so devel oped ANSI/ AHRI Standard 920, t
Dedicated Qutd&ygstem (DOAS) Units. The standa

performance of DX equipment that is used to d
While CEH facilities utilize DX dehumidificat
standard pr atcrtoidcuec et oo untosti dien ai r i n 2bepdef st o ma

and mitigate biosecurity concerns.

ENERGY EEBARablished efficiency criteria for p
of ENERGY STAR Program Requirements tfeorri abehum
that went into effect in October 2019:

T Minimum 1.57 L/ kWh energy factor for dehumi

f Minimum 1.80 L/ kWh energy factor for dehumi
and 50 pints/day, and
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T Minimum 3. 30 L/ kMWhr echelmgmi diafciters wi th capa
or mMOEMERGY STAR 2019)

2. 2Codmpliance and Enforcement

The devel comphi aoftt e, sruehowarsce s mpl i ance guidanc
facilities in the Nonrads iadatitsgghiagmp lédivsaanc € el
buil ding depar timenctr iafifciadi alos s.u ckcoers saf ulli sitmpol fe
specific recommendations for simplifying the

ref eAppteondi x E

For the dehumidificati NRCPLPREEw@SIudeed stpeechd i ca
updatedctade the mini mum €&€b0fi ail @emey dredquni de he
and the effienesacyoreqtuheernesqyusitresmse.b €lsh e s e
reviewed during the plan check.

All dehumidification wpsbemseegqnitbd goomeénct
requirements.

Cut sheet-alohesttahdonuididdc¢li eds t heir earofiiscdiuenrec yr.
Permitting of standal one dehunduriifnigcantewn sys

construction since the electric | oad of the e
p ans sheet. While it i s possilhosevtit og reae pd wicled ia
of ficial involved, compliance with the federa
compliance with the proposed Title 24, Part 6
separadmpl i ance process.

There are additional compliance ceonnesrigdyer ati on
requirement for integrated HWNACpladscheVvVil ede w

needcheck t heotradliiongpfcaptelatty ptr ad wti hdee d
dehumi di fi catfiromra fkewmii @pimfeindati on equi pment spe:c

2. &reenhouse Envel ope Standards

2. 3Mdasure Overview

The greenhouse e nsvueb noepads aictessredsa rochs cl ari fying e
l anguage as it uwsedsat eGode Igarnegeunahgoe t hat i s di f
apply in prhcaaothiicepede the uptake of measures t
reduce energy use and benefit the facility ow
Confusing codeallsaon gsulaogne dcoawnmn t he compl i ance pr
CASE Team is proposing a path of compliance f
which measures apply to greenhouses to fAcl ean
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opportunity for mi sSeppepcliifcactaildny ,i nt hprsa cstuibcnmee.a s u
foll owing envelope requirements specific to c

T Opaquesawmalplaqruccof assembl i es munsan dreetectr yt he
i nsul ation irreqleaateimemtls20. 7

1T Noiwpaquwdalsns e mbmuisé s haomb i Wfeadcafor0. 7; oand ess
1 No+tw paqrucceas s e mbmuises hawmb idhfeadcd fo7¥®r. | es s

For -oampaque wal | haes spernobpla@iseestiifmh ct ori Bvnalauei gn ment
with upcomi ngt alnEdGQ d2sO 2als n 2t 2 dHo r4 -oQoeacqtuieo m o o f
assembheé eSt atewi dei €CSAg&oPoeammagitmtbra ct alru e

of @&@s 70ppotshagd atced alraufe f0o B oa paqruceof assreaabl y or

opaqruceof assembly with an internal curtain sys
Standdhes | ack of i ndustfrayc tacrc ewd lewde sd eff caaru litn tUe 1
systems makes o taccchoauntenfgorngi mpact from intern

combi nfeadctUor val ue.

The submeasuregranéenhéresaptsgri egc rbiupgtlidvieng
envel ope refgwinemenwskly!| i ght@anday|l rghtong
requi rséiomenewsmnragleosed spaces.

The submeaisaisoe napply const r uacntde dt og rger eenehnohuosuesse s
convefrrteed uncondi ti onFeudr tthoe rcnopnrde pteveoiniedd | mpact
additions to conditioned greenhouses.

Since this saulbcnoedaes draen giusagd helreeamu e eafof arsts,o ci e
savings or incremental costs.

2. 3Masure History

Greenhovi héesatcianpgag i € stthedr®Br i t i sh t Berunfadtbhrruni t s

me ¢ h arciomdwincgapagti € sthewrBt uf?ti mundehz0 1T9 Rl4e

Pawbdef i roifatdii o reccotnldyi tsipocanceedn s e q utemdgree,e nh mus & s

me entonr e s ibdueinlteinanlglremes i r esmpeerctisp,r ealckh y pti ve enve
require¢mentSection 140.3(a)b5 Exterior Wi ndows,
Skylightse3de a performance compliance approach
werne viemt e h dgerde e n h o hha & slda rngoen p a geurev e lsaupd 4 oes

gr opw a Mtogsedr ourkd ssgeeenhdeussiegner s have had to a
exemptions on 9peaisfei supswoji¢cthydroni c heating

Thpr opossuebhdnme aszdid ees kBiesshuyer eaad cxrgp | ipaantdaei | or ed
taondi tgircereendhouses.
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2. 3SBmmry of Proposed Changes to Code Docu

2.3.3.1 Summary of Changes to the Standards
The sections below summari ze how the standard

Reference Manuals, and compliance documents w
change. SetofSddtiisomeport for detailed propose
This proposal would modify the foll owing sect

shwn bel oectSiead thi s repoptcbdbde mangedge.

SECTION 100.17 DEFINITIONS AND RULES OF CONSTRUCTION
AgarwiemddbWhe purpose of modifying tder derfinit.i
wi ndowo t o fgiag dteomm evliinmiorwat e de b a ff lagcit b sb dtowe e 1

garden wnndowesi deaand glrhosp wdsdeflddJthlgtct or s f or
fenestr atailism omammern ci al. greenhouses

SECTION 120.6 T MANDATORY REQUIREMENTS FOR COVERED PROCESSES

Section 0LM&Inddthgry Requirements for Controll et
HorticBpaoadepurposenew ¢ dagcssafbohr requi rement s
CEH f as¢iol iibieiteneaiThoe secticnhaaldaao dadde | at ed
greenhouse envelopes to create a feasible co
greenhothseesx.reati on of thi | dyacsth oomn tihse neenceersg
standagdeehtwsandei gdowlragielsi.t

Section TABLR)HWBDEFAUL-FAUOTORS FOR GREENHOUSE
COVERI N[GSe purpose of t heaerfeawlatcatbalre @ss t o add
common greenhoue supporitn@gheac po o peorstgu i irre m

condi tgircereendsouBlRi s change is necessary in orde
compliance with the proposedcd greenhouse envel

SECTION 140.3 7 PRESCRIPTIVE REQUIREMENTS FOR BUILDING ENVELOPES

Secti 0.3( &AEAXCEPTI OM ink:w xmept iremoecge eenhoudgerse from
existing prescriptive building enlhhel exe erpdd win
i Becesdae yt o grvealblessmgedo mifneannetsltyr at i on.

Section 140. 3(a)bhiExX€EmpOdNmége eenhoudgehse from
existing prescriptive building enmhel exe erpdd win
i Becesdmae yt o greenhouse ceilings being predomi

Sectionc)l EXCEPTT®Nparpose of tmoidd fogharhge i s t
exempt adodh CEH spacesspaceasheexddampgt offrom mi ni mum

2Q2ZTitl e 2F) nGASHE ReipRar2lRCOW ROCH|3 6



requirelmeamnst sschange tiesnnErEeklssarpot 1 mpacted by
requirements.

SECTION 141.1 7 REQUIREMENTS FOR COVERED PROCESSES IN ADDITIONS,
ALTERATIONS TO EXISTING NONRESIDENTIAL, HIGH-RISE RESIDENTIAL, AND
HOTEL/MOTEL BUILDINGS

Section 2ZiIobnt(ra) |l ed EnvironSmeacd#lioptutir paoseéuotk
t his chacnlgaer iigay et¢tahnladé uses being converted to co
s halolmpdMiyt hgnéenhouspropeciefdi ¢ eognu i brueinmtednitnsy enve
andpacenditioniAdgdistyisoreanlsl y, thiasddchaogse $lbow:
conditioned greerheudsdy ahe profhesed chadag eass
arreecessprgvide a clear path to compliance for

2.3.3.2 Summary of Changes to the Reference Appendices
The proposed wooudhedhotda hBet @eence Appendices

2.3.3.3 Summary of Changes to the Nonresidential ACM Reference Manual

The proposed wooudhedtc hhmondy enyr eeshici@M tRefler ence
Manual

2.3.3.4 Summary of Changes to the Nonresidential Compliance Manual

The proposkdngedwouCida pnoar fly0 Coverfed hRRr ocesse
Nonresidenti aMlanQ@wmpleicam.aeE this report for the
proposed revisions to the text of the Nonresi

2.3.3.5 Summary of Changes to Compliance Documents

The proposed code chardge fwawltde mddickFoepRtl heanc e
Process Systems). Compliagnoduebfaeanmatvteonrdfpro
wouheded to beExamgldes of the revisededddwment
7..6

2. 3Ré&lgul at ory Context

2.3.4.1 Existing Requirements in the California Energy Code

Conditioned greenhouses must currently comply
requirements f or ¢200nld9i tTiiotnl eed Zshpea cReasiv & tink rp ¢
requireamentasiti ored to conditioned greenhouses.

2.3.4.2 Relationship to Requirements in Other Parts of the California Building Code
There are no relevant requirements in other p

2Q2ZTitl e 2F) nGASHE ReiOr2RCOW ROCH|37



2.3.4.3 Relationship to Local, State, or Federal Laws
The 2018 Washington State Ener gy nCosndpea chuaes env

roof and walls of conditioned greenhouses. Sp
factor of-opaueorld owb ponpbang/u e -, s celatsta n d-f veish g
walls, andofpad¢ué-dbmaemiom wal l

2.3.4.4 Relationship to Industry Standards

2018 | ECC exempts greenhouses fromAbuil ding t
pr opo(scadde change -hafjmobrer2 0CEIRG eElC\Ce ltmpe requirenmn
specidorcdittoi oned wgaraepepnrhoovuesde si n t he f{h&@C vote
2020hproposal alkfnadattGerddtof f A or skyla glht s and
factor of 0.7 forMhweerSttiad &lwi fden €RABEAiTIe&®MCu s ed

propoealatgerde etncohagsasmodel for the proposed sutk
2. 3Codmpliance and Enforcement

The devel opment of compliance resources, such
facilities in the Nonresidential Compliance M
of ficialls,t o ss uccrcietsiscfau l i mpl ementati on. For a
for simplifying the complianckpmarddienfBbr cemen
As part iafnceomefratrii catsudmeasure, a building d

wouvVvdrify atchedlsbé gr eenhouse eshwesledpe nmateri al
speci ficatHawn nghddtfeastame Wal uephhguebwiahl non

assemlmnidesmmpaque ssembl aes, without the need to
curtain systems, will si nmapnldi feyn fcoorncpelmeanntc e de't

2Q2ZTitl e 2F) nGASHE ReipRcr22RCOW ROCH|3 8



3 Mar ket Anal ysi s

Thé&tatewi de QAeSHeolenramar ket analysis with the g

current technoduwrgryemtvapradbudt tayvai llatoidherny, ar
consedioew t he pr oporsagydmpsatcatn dtabreglemearrlkadt aisn wel |
individual .mafkemaadacbor swas gat hered about the

complying with t heEsprimpadseesd onie ansaurkee.t si ze and
appliocnweebriel entyi fi ed through research naddidouwmtgr e
utility pEogrgm €bmfinf ssion staff, and a wide
addition to conductdemg plkre sSthatl e wiedle cQOASEaTeat
current mar ket structure antdhpwhkleind isatla kmah kled €
me etsitrhgat t he Statewide CASE Team Melrd,lol 6Sept
2020

3. Market Structure
TabThkheel ow summari zes the iIimpacts of this propc

TabV:8Mar ket Actors and | mpacts

Mar ket acHownar ket caoatlalr be affected by ¢

|l ndoor f éWhen building a new facility o
operatorcalterations to an existing fac
40 kW of 9quUse | ilguhmiisnagwi €h a mini mum | i

connectec OMol / J.
horticultq| nstakwiticmeheddalghting contr

lighting Tl nstall one of the following
freestanding with a minimum e
water wysthemeat recovery; or

with heat recovery for dehumi
heat exchanger or hot gas byp

Tl nstall thermostatic and humi
GreenhousWhen building a new facility o
facility alterations to an existing fac
withO0O>kW qUsel eclturniicnwaiir®sa mi ni muanad y7gd
total cor OMol / J.
horticultq|instadswiticimel i ghatnithud t ¢ldiregvhetdil re
l'ighting cont.rol s
CEH facilBecome familiar with new stand
designer spractices to incorporate minim

2Q2ZTitl e 2F) nGASHE ReipR2dr2RCOW ROCH|3 9



Mar ket acHownar ket caoatlar be affected by ¢
Lighting Ensure the specification sheet

manufactitefficacy in micromol esrpeifroged
| i ghltuuimigsasueh asndoediplrieglsur e s
(HPS) and cer aniucmieseati al hal i de

Dehumidi fEnsure the specification cl ear

uni t heat recovery such as hot gas

manuf act

Buil ding Reviewamldamonduct fbnspeghtabnndg,
depart merdehumidi fication

Ut i laintd e<s f Review horticulturGCaall ilfiogrhntiian g

Program t hipraditngpl ement ed ener gy aenfdfiigci
| mpl ement uncertain what those program
|l i ke.

T Savings from demand si de mana
be reduced because of a more

Equi pment fUnderstand code mini mum basel
deal er s Caflmi an eE Qyde conipolri anmmtdoor | i ¢
greenhouge lainghtinmdoor dehumic

The table below summari zes potenti al barriers
and the proposed solutions.

Tab8e Barriers and Solutions

Barrier Solution

Add&€d st The benefit/ cost analyses in
measure would have positive

EnvironmentThe Statewide CASE Team cons
energy use analtysesisevaluate the cost eff
requirementsubmeasures. Three distinct
crop atndpey cal cul ations due to similar:.
of the croprequirements.
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Barrier Sol uti on

Lackdaofa on The Statewide CASE Team cond
stantwasel i ri nformation on baseline stan
racstiacned s Benchmarking efforts tiorndlIsudeg
f brestagemeéi ndustry for assessing energ
;
;

actices aqindoor Cannabi gyCwistei Estt 6 m
ower s devel oped by Oregon Departr

https:// energy.odoe. state.

T Resource I nnovation I nstit:
t ool

T Cornell 8s Greenhousse E
( GLASE) benchmarking t

acceResource | nn
ancebenchmar king
opet ool by the i
vela benchmarkin
byevaluating ho O approach m
has recently ated a CEH M
prvo de techni.€Cahtgonuddnceor di
organi zvdtusa@peport data gather
performance data availabilit

Lack of CEFASHRAE is starting to develo

standar ds facil it ipersovtihdaet tweisltl condi t i c
efficiency of CEH HVAC syste
measures such as heat recove
CEH HVAC efficiency.

e 1T Educational resources suc
| nst iltEux eldisght i ng Best Pr ¢
EfficienSewWiaebhds can hel p
how to grow utilizing LED

1T DOE replholssD mar ket sature
horti cul tiunrcern em@asrokmet4 t o 11
bet ween 2017Uafd DOEDQB22
Growers across the countr
advant agleEDft ¢ hlenol ogy .

T The proposed code change
requirements for gr eerehwu
constragxttiioom to producers
| umi nai r esowtor pl ant gr

Q T OT

ghte
ol (
tion I nstitut
| easeiasdwpt
stry. Cornel
ool speciifs c

- O
T< OO0 —

—+

go]
o)
o —=~ - 0o
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o0
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https://energy.odoe.state.or.us/cannabis

3. 2Zechni cal Maakebi Av,Eulrakenti Pymadtti ces,
Potenti al Barriers

3. 2Hdrticul tur al Lighting Minimum Efficacy

3.2.1.1 Technical Feasibility

I n CEH facilighesngepbeowides plants with the
il lumneedeadnf or photosynthesis at each stage ¢
primary sourtdealtafnteneregeyrl efconrn oglroogwtehs. t hat meet
proposed greenhouse efficacy | evel £ nara wi del
HPS, <cer amiicdeme taahld niLaBlB i Trhees r equi red mini mum e
indoor facilititehsan sgrnmeoemneldcutvastagaduse of LED
l i ghti ng btye cshentotlioggy ef fi cacy | evels tHatssare c
effichcogbtosesolurer el mghtbemitti raghdp |daesnimdee L EP)
HP® ptitohnast can meet minimum requiremeéntée but
time this report tWwasewtietcth@m!| ogy types at the
lighting efficacy.

The most accepted metric for H®ErEt iicsul tur al [
photosynthetic photon f 1l ux dnewisdigdc dby ni mp wtr oar
joul e (tdgden2Sodc urrent PractilResi gmobi giotre det s
Consortium (DLC)PREHIrrendquayl ufty lpzeducts for tl
gualified poméuicndustr yhasuve kierhdil adeetresd cest h er
include in efficacy -sewav alse,rudaindsa v ihelset maryd f fa
future ceaflfciuclaactyi onst hédtr € pher t sPriPgEu b Fni efadtdi o040 O
nanometreawagsehmost wi del nyeamoepPpRadet skyalk®dDa 8)
provides typical efficacy r agrhge sngf drecthmeo | ogmgm

I n the next deGCmwde,] ARE poofscRbLH kel d ocand ERsgbee
At the time of this repbutnj nvalse @ hit gehdesatt Je3f. fOi o€

Tab®9e Efficacy of Horticultural Lighting Techn

Technol ogy Aver Me e i Me e f
PPE propo propo
(mi crormini mum mi ni mum
sper J greenhc indo
Singhded-W461606S | am 0. No No
magnetic ball ast
Doubelneded -W, B8 | a 1.07F. Ye N o
with electronic be
Singhded?®HPS 1. N o N o
Met al Ihwrhii fdeei r e 0. N o N o
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Cer ami ¢ meltwmrhi fhail ri 1. No N o

Fl uorescehumi aAghte 0. B0 ¢ N o N o
LED | ilgthmii fnai r e 1.73. Ye Ye
Sources:

a. (Navigant 2017);
b. (Radetsky 2018);
c( Radet s kayn RMels8i)gnLi ghts Consortium 2019)

Al 't hough the PPE metric is becoming widely ac
high intensHt)) udisnehiaregas( cerami c met al hal id
|l umi nainmgesdoor rmcemmmoth NRREVI ewing test proced
ideadi fhat tahnereexiisst innogg test procedure to dire
| umi ndhee&ey standards that can inform the PP
| amps ar e:

T ES -AeM4l:ESNA Approved Method for Photometr.i
Luminasireg MHigh I ntensity Discharge or | nc.

T ES -SMmMM3Approved Method: The El ectrical and
of High Intensity Discharge Lamps

1T 1 ES -8 7Approved Method: Total Flux Measur er
|l nt egraeneg Sph

According to ANXS0IYASABEE Si6410t he photokgBynt het i

divided by input electric power. PPF is measu
across the wavelength interval of 400 and 700
— Q
5 5ol - Q-
wher e

O is Avogadr aplig prmuptbetrons per mol e) ,
"W s Planckop®cop nsiBant (
Wi 's the spe®odypfim/is)ght (

B _is the spectral radiant flux (w/ nm).
Spectr al radiant flux may be measured using a
LMMe04 is the most appropriate standard to inf
l umi naire spectral radiant flux using a gonio

T Spectr omeatdeiro deitecnotonsilpct fiisedsol ely speci f
phot ometr iTobet easbtliengt.o use the same setup fo
measuremanspectroradi ometer needs to be us
Specification of spexcitsrtosr aidni oomehteerr satlarnedaadryd
| ES -8 Secti on-55. Seand olnM7. 3. 3.
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T Integrating sphere i s nrGotniamedppr aneeadts umeetsh

intensity in horizonThisamdyvbetacaéspl boe
the omlsywrmenent needed, as in the case of o
measurement wusing an i-thé £ graah eadtng asppphreorvee di s
met hiod | ESS1 Lavnd -T &S bhdMMwever, both are only
measuring HID I amps, not HID | uminaires.

T Does snpoetci fy el ectr i cMelasnme asdu red neecnttr.i cal v a
specified as-4patesofreperLM Since the inpu
for deriving PPE, electrical <circuit, inst

specified asspartetdfodt. hel ect r i-dceasl c rmebaesdu rienr
| ES -5.1M and ‘whiile amMly for HID | amps, there
di fference, i f any, in electrical measurem

There is currently no existingitngs tangdt aredaorrd i
PPE of HID | #6i maeimaexns Lt be the most appropr
can be used for testing and reporting PPE of

above are addressed. I nformationi mededled t o ad
already exists in other51E®&n-@8laMelai s sfoe a sich luel
suppl emdit wiMh additional specifications for

l umi n®Recesmmendartea omrsovi ded bel ow with the cave
suppl emental specifications need to be furthe
the test method would not be considered as an
suppl emental specifications | argely bb%trow fr
13, -7.8M7 anwmdl LM

T I'nstead of photodetectors, the goni ometer
Either mechanicalt ypearsmpiercdg raormr aariroamet er may
spectroradi ometer shal/l have a minimum spe
Thepectroradi ometer system shoulV#80anomount
wavel ength range that may result in stray
during calibration. The spectroradi ometer
uncertainty wihédimaOdwiwdtohh h@awl hal f maxi mu
shal l not be greater than 5 nm.

1T For rel atdgivzed yHIsDnallumi nai r es, photon f 1l ux r
integrating sphere with spect-roradi ometer
spectroradi omet eff 0 yns tweé m/h& ¥ £1SI L Vo

T The el ectrical condi tsipercd,r ogiatdh eormeu sirn g yas t
Sspherpeectroradi ometer system, shall confirn
LM113 Section 5.0, and the eloeadti mimecavli tihn 4tV
5313 Section 6. 4.
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T Test report shal/l i nclude measured el ectri
including volts, amperes, and watts.

3.2.1.2 Market Availability

Eneregfyfi ci ent horticultur al l ighting pegoducts
greenhouse redbBPE®mé dt bef mket by ceramic met al
endel@Spl asarmad LEDMI ndAsrAuvg ROt2D14 ofumPAaires

|l i sted on DLCO6s QPL met the proposed indoor g
(DesignLights Consortium 2020)

3.2.1.3 Current Practices
As stiasteecdtd .on,APE i s photosynthetic photon f 1l u>

powdrhot osynthetic photon flux (PPF) is the ra
700 nanometers, iwmhiwahvedreengttthose neeméadufred phc
in micromole¥$hpeunsecdéfodmaaphant 6s | ighting n
Il i ght 1 nteexgprraels ¢(é¢Dd. laysy mber of photosyntheticall
accumupageuar er neeremobdy) Mpbti®del ow il Il ustrates t
of parameters typically found in various indo

Tabl@Range of Lighting Parameters in Indoor Fe

Crop t ' PhotosynHour s Dai Sour ce
Phot on day Lig
Density Light I nte
( mo | #sm (DL
( mol / |
Leafy 14i2 0 1624 121 7https:/ /-www. h
greens growlight-gceeu
her bs and Pe&Dcul at i
DLI of 17
FI ower 17i® O ¢ 1624 140https:/ /-www. hi
crops,g growl i ght-gceewy
pepper FIl uenc+ PHIDgh
and Cultivation Gi
t omat o cal cuwl &dtoiro DL I
Cannab 3 0i®0 0 1824 1943DLI calcul ati
seedl i 30600 &24 118r s/
and
veget a
stages
Cannab 6 01, O 12 264 3DLI calcul at i«
fl ower 60-0000 at 12
stage
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https://www.horti-growlight.com/leafy-greens
https://www.horti-growlight.com/leafy-greens
https://www.horti-growlight.com/leafy-greens
https://www.horti-growlight.com/leafy-greens

Sour MeshaTroni x n. d.

Many factors deter mienleedthrgihcef f echiovénesstaf e.
the Lighting Research Center Renssel aef Polyt
neutral framework to evaluat esowver alilf feperefndr m
Il umi megierca f i ¢ andp eqipfliiac amd torni ¢ § .cerrPtPrEy wiarst @ htols¢
Cal i fEonrenriggy h€Ecade@is® the metric most commonly ad
exi sting (sRtadred asrkdys d2alnle8 )pu b | imamead alcgrur er s

mar keting materials, which is accessible to s
personnel

Ot her jurswsdhcds oMassachubavéesophedlILti @ihas eang

Power Densmeatyr i(elxPD)ewsastetds ipner s quarhel tfhoooutg hof c
this metric is usedCadlni feadrlereigays Sogedaesabf t he
i Il umiemeaetrigyn usé€ Hdoeshsbbtder wavel engths needed
photosynthesis. Al so, grreewesrnsi sccaine absyipnags st hLeP Dd i

bet wpeants, decreasing overal/l productivity p
of |-®fwfeircliuemcsyai t @ addition, stacked operation
cal cul ati on cvourpn e tceabt heedoanampal @i

Greenhouses and indoor growing facilities are
di fferent baselines. The |l ighting efthaitency

for indoor grGowiemd oduss ensd 8 d i & se.Ineuctthrgihatsi n g

i ndoor ¢ antchteiyt iaelsso Usey samé i ghed for fl owers
rather than just for cannabis, (wBDchi ghs Hmxpaé
n. dAddi ti,ohawlky requi rheomewosspdtor|l gggeemur den on

vegetable and fl ower growers, who have | ower
(Brentl i nAgleorwe2r0 IPPE f or greenhouses provides a
switch from i necoagmotwo nggr ednhdhey want to use |
Las,t IWED | ighting can have a | arger form factoc
so providing options other than LED I|lighting

The baselines used fatiensr gyes pwvieheeg sht aesdel | bianl eos
were determined throughcttidtea gokagsar iolua d eiarc h
Sectd.olandppendi x F

Tabl&eBaselines for Lighting Energy Savings Ance

Crop Wei g Baselin Propose:t
Greenhouse

Cannalril ®wer 24 %' 1. ( 17
CannaWNiegetat.i 4 .% 1. ( 17
Cannal€l ®ne 0.% 0. ¢ 17
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LeaGryeens 30¢ 1. ( 17

Tomat oes 40¢ 1. ( 17

|l ndoor

Cannalril ®wer 76 %: 10z 2.
CannalWNiegetat.i 13 %: 10z 2.
Cannal€l ® ne 1.98 1. ( 2.
LeaGryeens 5 % 1. ( 2.

Tomat oes 3 % 1. ( 2.

|l ndoor facilities often grow plants on stacks
| umi nain e emoomteadch shel f. Since they are c¢cl osce

produce excessive heat and so must be either
fluorésmemtanre often used due to their famild.@

advantage wifng EDs | bgtht er control of light int
di stribution engi ndaearmirma.t oletbies pdlalceevds vieED cl o
plants, thus reducing shelf height and increa

Accordi2@2Nadiggant study commi ssioned by the U
(U.S. ,DEkrrage |l ldghRkdbmwgsta mdayastbednoanfigur al
ani&hours a day for stacked configuration. The
interviews ,wiitnht egrvavwemss wi th | ighting manufact
industry experts, and review of product speci
and Horticul (UWUré&. COQREUIRO &FOoJund Iri gfhatciinlg tfioers itr
di stributed as shown in the following table

Tabl2Percentage of Stacked Growing by Lightincg

Lighting Type Unstacl Stacke
LED 1% 10%
HPS and Met al 86% 0%
FIl uorescent 3% 0%

According to a November 2019 survey conducted
percent of cannabis cultivators cuthdabhtdly use

not, 48 percent said it was stil]l unproven te
expemwvs. However, 72 percent of the same resea
efficiency and | ight intensity were the most

purch@€asnabis Business Times 2019)

According tQE a erpeocretnt diiae kedst ismatuenatiinodio oorf L ETI

facilitiesnatiwdddlper cDOt®h20®0May seem prematu
Cal i fiosronnisai dering whetaepdaicad haed Btd lhdgti vnrge
efficacy tnhianti neuxncsl ude most | egady eleiegehntsi nagn dt e c

substanti al pr eceddrn tn gft diro ntkviieenhgstiaengdear ds t o whi

2Q2ZTitl e 2F) nGASHE ReipROr2RCOW ROCH|47



the lighting industry was able torreosmphdatnaece
represented as thh20tleOd ¢ée | @ hale€Ener gy &&ppmoeal on
of the movdrmdnats etfobo naenc a lacl u loawtaibnlge | i ghting pow
sent a stronlgi ghtginrmg 4 medihfei cati on community t
effective solutions in thd Smar leevti gllea cCeA StEo Traa kn
At t hdathet ipmeoposal was submitted and initially
Commi ssi®fnti mates noted that nationwide LED ma
(DOE 2p0EBa3re now widely used across the countr
applications.

Two popu-l atehsghy dilsghar geliPSHdlah)d med a l hal i d
produce wahivetliemgtt hsr osEBARgepect-70hnmg o048l

hal ladn@msr odultiegl@an c e ntorbd tuieo(d G-Bgthaxn), whi |l e HPS

|l umi sapr eadulcpegghc entraegde I6AOFPOO HnrHIi storieally, f
stacked configuration, growers chose between
depending on the crop type, pl @&dDOEcyo®OlL&g,) PPF

I Il umiimateincm ayl wnschednt ecl fed@abbhsedopids i ndi
neetdbhr oowgh=2dur pvehlriiliodds diefefac tbot h crop qual.i
yi eRRIFor t he efficacy qifarheadsurceurhgrutr adf |[h o td fni
the systemighoviteperhenctadefi eget g specified
Some | umi naa rdeismnuetri |siwilktuorh rcol roemrcthirnotie nisiigthyt, arr
ot her | umi naderetsr glremaamdaeblact devooer ol l.i ghti nc
Daily on/ obaf esaenbdé dcwlnetsr owil teéda cihod aV i ¢ u a | produc
spabgepaogrammabl e devi ce.

There are many specialty manufacturers that m
the | egalization of recreational Scgn@uarhriesnt maj
Osram, etc.) have also entered the market. Th
service providers in this sector focRuwosr on aut
exampl e, Wadsworth Ciomtte @l at eadlveontiselss ids ea-
equi pment having the apWhdswot.Dbaiogudii ingl epfe ntd e
el ectrical power system serlvi glgt iCEdd Ispade sas®
separated from ®#thercommgboni pgatbiade.

3.2.1.4 Potential Barriers and Solutions

Specific to the horticultural |l ighting mini mu
producers that LED technolNew iF$s oumnHhaevwwesvatr 1,189 r
as shown by the examples bel ow, some growers

T A grower in Oregon reported no impact on vy
replacing 1,270 T5 fluorescent | amps with
sameumi saband kaSloluashtwsest Energy n. d.)
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T Anot her gregwer riepo®@rnt ed higher crop quality
compared to HPS or (nkentearlg yh allriudset loifg hQrienggo n

T Agrower in Sacramento, California, reporte
crop qualdy ycampar isnguw LED and HPS | ighting
(SMUD 2.01BHeg study states that the LED 1| igt
initially, which may have been ai€®ntribut
percenthanwexpected).

T Anot her grower i n Sacrament o, Californi a,
six out of seven strains and expected crop
comparing LED and HPS | i(ghMUDn .0ilke| stve dy n
states that the room with the LED I|ighting
strains, including the strain with | ower t
outage and |lighting timer i ss ueshaate fbieresnt .a
contributing factor for yield decrease for
| ower than expected).

Mi xed results in the above studies are expect
conditions, the same crop M@y pled\a oy ike Ind , v &Lroih
and Zamar.r aBa2sOelddr)eposeedl data collected via Re

|l nstituteds Power Score Tool from 34 indoor gr
an average el edttryi oift Y. @®r @duwmatsi/ kWh for facil.
l ighting and 1.4 grams/ kWh for facilities wit
from growers in Oregon (18 out of 34). Whil e
Il i mited datasthastubB®s|pgagthdn tgigaelr fyoarel ds per Kk
hour compared to HPS |ighting.

3. 2Ef2f i ci ent Dehumidi ficati on

3.2.2.1 Technical Feasibility

|l ndoor nippowwo ali @®isl i ze one of the following tyrg
equi pme mmldodhehumilde §3 etrha®mB8atubom tfheenti ni mum
energy faat ewWhpé&aldone dehguneiadtie®i ethtmimd tfhe et

mi ni mum ener2g.yd/lfkaht;orc hdfl | ed water system with
integrated HVAC system with heAd ghlraSmwcdirinonf r om
2.2.4his propepsalwiltalh gedryr eanti Creqquof daihénveser i n
fosolutions are tE€bé@dnicaéhy O6katshél proposed s

an i ndestepy ed code baseline that eanncdouhriagghes h
efficiemdynet @eethfuiméhe St atewide CASE Team hel
di scussion at the | ndoorCoAgfreirceunlicteu rien HBneebrrguya rSy
San Diego, and the proposed submeasure receiyv

2Q2ZTitl e 2F) nGASHE Rei2dr2RCOW ROCH|4 9



stakehol ders. The proposedtdoulbmeaasrur e Ciod osiado

dehumidi fication code | anguage creating regio
3.2.2.2 Market Availability
The tabl e beluorw dnits tasp psrooteec hces . f or dehumi di fi c

Tabl® Avail abl e Deheaaindalfagiads on
Equi mme Ty Description Mar ket Avail abil
St aaadowmrei tSi mpl e and fl «This iIis a common
by CEH equi pment
Not dedic Unitary AC, uitThe mar ket i s ma
reheat pumps, -aadl aditavailability. E¢
(conventi wat-eogolcéend | | er speci fically des
typically wusecthorticulture.
buil ding appli
Not dedic Unitary AC, ultHot gas bypass o
reheat (r pumps,ataradl|l ed heat recovery sy
waste hea wat-eool ed chilavailable from m
with hot gas IHVAC manufacture
heat recovery
Dedicated Direct ebtpma@suSever al manufact
dehumi di f designed specitechnology, but
uni ts dehumidi ficatispecialized and
than sensible co
such as wunitary
Fully int Direxpansion tSeveral manufact
cooling psystems desigitechnology, but
dehumidif both the sensispecialized and
| oad needs of than sensible co
such as wunitary
Desiccant Uses a substriDesiccant edeshwamie
dehumidif moi sture.r&qgbtcommonly wused in
heat to remawctapplagcatlit is ef
rechaldsgeed mfaomr eachi ngi Vheuwnirdd It
very |l ow humi«« ev,elbsut it does
(40% relative ef fi ctiyepnitclayl pl ar
operating condi't
Humi dity and thermostati ®odmmntorrolnmsa naurfea ca waielr ast
Honeywel | or fr om s plehceisael tcym mntarrioyfsa awtad rl e/r .r ov i

equi pment

Dehumi di f
manuf actu

purchases.

i cat.i
rer s,

on equi pment
but

i's typvaAa@l ly manuf
s amrhd zman wnf a smntdwroer sagsgpgeail t u
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agriculture spganami Sub@uesitidertma LLC, KCC

Manufacturing, and I nSpire Transpiradtifmrm n( lae a
Addi ti onal manuf actsuercetrosr tahraet DiessrzevriRcAa die, it sDr i |
Munters, Active Air Inc., Aprilaire (a divisi
|l deal Air Heating and Cooling, Inc., which off
controls equi pment .

Some manwfrars that service the dehumidificatdi
comprehensive solutions. -bFRacsre de Xl anngppli er,e Sla ma nFsrpa

of fers Afull turnkey solutionsod for indoor an
equi pment manm$tbcotoctriog,acd project managemen:
engineering, horticultural consulting, and ev

| deal envgrowinamdiadn @ nlsi ghl yo rd egirgapee n t
andeproductBasedt@amest akeholed eSrt ad vetwi edaec CASE T
det er mihraed CEH maa oi7 @8 hFaensd i®40 percent r eilnative
pl ant produTca imanrnt eagpeareieenmer i ronment aCEH ondi ti on

operators use integrated ( prsotgaaddomab [dervdincgisc
a wide mamafyaofurers. Tehietdhee rogpwelryadae dcantr al i z
net work or managed individually.

Honeywehé olsandest and most widely known agric
manuf ast VArdedri t i ounrael sapgerciicaullits twsorike omanonéabiwbkj ch
include WadswéAdut bgfrogud s oCesntrol sPo3JataanCont r ¢
an@GrowlLi Mkctive Air Inc., which also manufactu
equi pment, services r ediiktantsi eble yomdl caogmmerud it au

The most sophisticated manufacturers and seryv
integrated controller software that all ows sy
greenhouse ecosystem. For edamplte ,seWaddworptriod
service offering as a ficGmpiveoifefkecrlsi niladtaet as odlruitv
automation and networking systems for greenho

3.2.2.3 Current Practices

Humi dity contrmpllant, ftaaldiniht hal egqoi pment wused t
in CEH facilities is an integral part of CEH
dehumidification equiopmdémidlecnuw irltedmatdhsyo ru spelda n t

productiane sgadaoendeu mhiedi fi ers due to their | ow
install ation cost s, -aanodn ec odnefhiugmi rda bfiilciattyi.o nS tuanni
avail able throeahe d@enwatmdbd retdpgr i mary constructi
phasiehese dehumidi fypatabhyumebhsi anedtin el ect
hi gh el ecHowecv dr@gadishleey addedby rf acecimoiviehd oper at
moi sturer egqgmbwraime nft rsd rmibrmaintgiead p @e@isfi iglchaitsi on s
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proposal fdedwsne liamuciaptmeonhte,r eanadr et nome pulopbbisens
on humidification equi pment

Thehdumi di ficatioh meq&Hr ément sty change when

becausdédeofreduction in heat | oad dwvetiontlbé ih
plants. This changes the sensible heat ratio
and more | atent | oad. A facilityds HVAC and d
to handle both the peak sensible and | atent |
Some dehamidnfequi pmental osrechiebamstdarmders, ut
removal eMRBacsi eencnyet(ri c of how efficiently the

from treasaurrgau nodfs moi st ur e ki ¢ mlweaerd. pEhiis met i
not apmolilaktdegr ated HVAC units. There is no tes
moi stureefemovahcy undefrorCEH Ic ocanpdpiltiitcoanosshe de hu

equi p.Homwte vieer,e i s movementsinythe H&WAWEl opdsuc
standard, amastASHRAE a working group to begin
There is currently no set timeline for the <co

procedure or standard.

When designing a dehumidification system, the
are i mportant considerations. Lighting intens
faciditreynpe r,att mr ,dviatt eg,e and evapoWmemhidaghhi n a

CEH f aacriel,idisgpace seig@mirfei cdmtdrmteyAICi 8 gtsot e m
remove heat gheerbgbdWihgnslisg einhetbwign nasf ft o
rapicelayeduci ng the amount aonfd nmonicdnteuarsal initgty can I
Dehumidi ficatdgysnt eamati HeN\tAe® p e rteog h avradlyed ng | oads
in a CEH facility can |l ead to excessive energ
and poor humODderntyi zodhtrmapdy pmenmor ewliirelguean | vy
i ncr eas e oenrseurngpyt b elre t a n dneprl taanlt Wredhd it Rigaua d me n t
may not bnee eatb |sepestrtay if i emdme nt ad a wsoinmMdg td wlintsi vat or !
purchase stdntdabatahta hcr easéi mgniddoadetbyy use
reject ibragi khteamatt he pl ant.Whi dicess ¢dto mmmo rs pfa@wre gr owe
specify a wide range of target tempsArantdir es a
+/7per chrenmi diysypepms not optimized for CEH appli
energy performance, andNeevn wirroont ment &I1018B89gntr ol

Humi dity and thermostati c |cooccmatlrloyl swiarheo utty pciocrar
to other system or equipment in the facility.
solutions and software with the ability to de
f ac,tlhiotuyyh this is not a mainstream technique.

2Q2ZTitl e 2F) nGASHE ReipRdr2lRCOW ROCH|5 2



3.2.2.4 Potential Barrier and Solutions

Since the |l egalizati gmooé& HWanCuefaatcitounraelr sc ahnanvaeb
to offer dehumidification products engineered

sold directly from manufacturer to consumer a
shopg.ptrhoeposed suldepdnarhey iaser s woul d have to
selling integrated HVAC units that greeg cemdci f
of t hgopbraicmariyt dehumi di fication through reheat
available thatrequl degeaugt sfmert ki si bility of t
could be .Denpirgprnwerds and engineers are more f ami
can help facilitate cor-oeeFore qiundpomerntCEH ofiaccei |
ut it he eseconaoptoordb ntthhi@sdoad opub measgirveers and ar
woulhédave to properly calculate expected | atent

in each room with plant production and report
Addi t alnlalmaynuf act-alroenres doefhusntiadnmdbubdéedonounits
repdMRE or each model on their &opuepmoantr enpgdoi f
provide this, but not all manufacturers have

For this codé&tpte@WhSERBeamtaoreal y-akdnstpadkaged &
integrated HVAC units. Based on resbédarch and
St at ewAIe Team found that many of the avail abl
manufactured to mitigate hibglke momptexeehwvwadsn
interactions that exist in a CEH facility.

Tabl4Barriers and Solutions to Dehumidificatic

Barrier Sol uti on

Efficient The Statewide CASEtheammnwbda
dehumidi ficiidentify technol ogi esf daoirl is

arteypically Efficient technologies for
for rnC&EMHgd ac i nclude high -2fFdneieéakymisd ia
around hegére@exchmaacd i ntegrat

HVAC/ dehumidification units

Commer ci al Based on stakeholder feedba
economcalkbescTeapmr oposes to exempt -€EHef
t@air contameconomi zer r equi2eenreincthsmeanhte
mol d i ssues
negatively .
target2ed CO
concentrati:

No unified ¢(Code | awg

test procedimetrics s a-a INnMRHE efhawrmi gt &
g eatures for equ
I

metri c.

bgecreated based
ch
f

horticulturitechnol

u
u
ogy

equi pment applicabl e
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Barrier Sol uti on

Not al-al eha@aiManuf acwaubeed snot i fi ed of re

dehumidificiminimum MRE requiremenitmsg sto

manufactureimetric for units that do no
sheet s.

3.2GRBeenhouse Standards

3.2.3.1 Technical Feasibility

The envel ope options ewiaddfrmrztebubyrehbei pempos
or |l ess -paeresghgdsa,yesgi ppleey shbgteng, and corru
wall pol yNampaqgateefwadtlalrdife Waghosen i mlorgder t
with EQEG Zd2ahdhdesicsri bed 2i. BEBlecohhp@aaque roof
assemblies, the Stadlegvo dpo CAS clima mWiadtue of O
t hi sasi mpposed atcd otrh e/ dlbuwre cafo f a s & mhalsys eanrb I ryo o f
wi tam i nternal awaodradtinmeEyt€d @ M2 1 .Jthaancdka rodfs

i ndustry accefpatcadoirdienfsa ulntt el nal makretsaiin systen
chal |l @mgiarcg d unptd ¢cftooom i nt ernal oauneombn neys Ue ms
factyalrue

The Statewi dedeCASIE dT etahnat ed IEICEn ipm fp guoisitah  t h

opaquewwapldsvide insulation vhyuegptbalt green
glazing materials and pamoeohdéetregedngleeahsus
requirevmagretrs als that meet tsheepwopdebgdawvagluahb

used currently in the igngeeebdred stevailpildaast ry, i n
polycarbonate, doubl eangoluygpdaehe | plhagannsneetet aoagos
building codes makes it easier for companies
design facilities and procure materials in a

3.2.3.2 Market Availability

Tabl®rovides a |isting of the common greenhou
utilized for gr ece€elmheo wWsad ac @ etsrennd teidorb.el ow ar e
by multiple manufacturers.

2Q2ZTitl e 2F) nGASHE ReipRdr2lRCOW ROCH|5 4



Tabl®Comon Greenhouse Envelope Materials Used

- Usef
R- U- Lig Cost .
Greenhouse C Val i Val (Transmit F# Lif
(Yea
16m Tr-Wall le .
Polycarbonat 2 0. 789 $4. 15
DoubPane Stor .
Wi ndows 2 0. 789 $6. 25
10mm DoWabllle d .
Polycarbonat 1.§ 0.2 809 $2. 15
8mm Do-WhI k .
Polycarbonat L. 0. ¢€ 809 $1. 15
6 mm Do-WhI k i .
Polycarbonat 1.3 0.¢ 829 $1. 15
4 mm Do-Whl 1 ¢ 0 839 $1. s

Polycarbonat
Si n®paee GI as 0. ¢ 1. ¢C 889 $3. 25
Sindheet

0
PoeyhyFéhe 0. ¢ 1. 779 $0. 4
DoubShee et - 0
PokyhyFéhae 0. 7 1. 4 859 $0. 4
Corrugat eMalsS 0
Polycarbonat 0. ¢ 1. 919 $1. 15
3.2.3.3 Current Practices
The current California conditioned greenhouse
materials,wwlthpdbybbhebonate being a common c
comes in various thicknesses, each with sligh
Gl aiss al so used for conditioned greenhouses di
Polyethylene is not as commonly used for cond

common for unconditioned greenhouses or heate
out si de noifa.Cal i for

3.2.3.4 Potential Barrier and Solutions

The conditioned greenhouse envelope requireme
the Statewide CASE Team from designers and en

through compliance with neWwatomséerutheodefreie
conditioned space. In some cases, designers h
projects due to an inability to meet envelope
greenhouse designers in Califolrynianf omamiyng utrh e
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ode requirements on greenhouses; when jurisd
equirements, projects camnuektdreddIlaaclkearfomatdhst
ompliance using conventional gr eeindlosise cons

o resolve these issues, the Statewide CASE T
efines greenhouses as a disvahuoe beqgudrameny
l ign with widely availabl e woeé&klhlhow sckee sdviug d ari s
asily determine a design that complies with
reenhouses. Unconditioned greenhouses are no
nd the proposed c odnee wlayn gcuocargsetn rédupdptil @deesd t o
reentsghee conversion of an unconditioned gree
dditions to conditioned greenhouses.

DO v9Q ® 9 04 O T O

Tabl@&®@rovides an overview of the major barrier
requirements and the solutions associated wit

TabléBarriers and Solutiowrd ope Subdbenelcwse Env

Barrier Sol uti on

Existing code requ Proposed code luang

conditioned spaces woutdeat e grseadiofui

gr eenhsopuescei fi c optirequirements that

not feasible to coindustry technol og

typical greenhouse

material s

Compliance with ex Proposed ¢ o0dwoulddn @

requiremewitdeliy en for wimpeérn ance embiyo

across the state provirciqug nsdl ati on
and construction p
commonly employed
i ndustry

3. Market I mpacts and Esonomic Assessmen

3. 3lL.hpact on Buil ders

Buil dEEB tafucwaiubeceli rect | yby mpacymads t hes

proposed by the Statewide CASEITeadam fwart htime ta
practices of thdsgesbusheessbésitdiag practices
codes. When necessary, buil derosn eamglade aiimi ax@n
to remain compliant pwiatcht iccheasn gaensd tbou id edsiinggn c o d
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Californiads comcmpruaclta gtn 8i0ndou0sOt rbyusi ness est a

860,000 emplTaypéd @s n( s2e0el 8, t ot al payroll was $8
17,000 establishment s oacnuds 3044 ,t0h0e0 ceommpnheoryceieasl fs
Numeresisabl i shment ssapgdiorednpd toryieaels, utilities,
ot her heavy construction (industrial sector).
Tabl@&Cali fornia Construction Indusnhtry,aikdtabl i
Pyroll
Construction Sect Establis Empl oyn Annu
payr

(bil 1
Commerci al 17, 2 343, $27
Foundati on, Struc 2,1 53, 5 $3.
Exterior
Building Equi pmen 6, 0 128, $10
Building Finishin 4,5 85, 6 $6.
l ndustrial, Util:i 4,1 96, 5 $9.
& Ot her
Il ndustrial Buil di 29! 5, 8 $0.

Sour(cgtate of California,D&matopmenentnDevEel opment

The pr osptoasnedflaa rd s udl id k e | Y oanfmfe ebouii d lalreft isr ms t hat
focus on construction and retrofit of industr
buil di ngwoiunhdous threy f el t by ral,| bfuivromdédehred wor ke
concentrated in specWhikei @GEHst age mplbecsesttiog gi
same types of market actors as commercial con
contractors, equapdareohi dect s, bubherisminmdi vi dual s
constr@QEH ifnggdiylpiic@egiyal i ze iAddihtiisod ewhdlwsymt riy .
facilities and greenhoustadsi hrei eensi dereed mad
process is occurring. Test iShattesvi afe tCHAS Emalgmint
i mpact s airfe csttBoodm

“Average tot al mont hly empl oyment in California in 2018
repredehqt® percent of 2018 empl oyment.
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Tabl@&Specific Subsectors of the California Cor
| mpacted by Proposed Change to Code/ Standard

Construction Sub Establis EmployrAnnual F
(bl I ic

Comme rhuii & ldd msgt r u 4,5 75, F $7 .

Nonresidenti al p

contractors 50 14, ¢ $ 11

Nonresidenti al S

contractors 31 12, C $0 9

Nonresidential g

contractors 28 5, 2 $0 4

Nonr esirdef tonngtlr a 34 8,9 $0 6

Nonresigienconigal ac 2 E 39 $01

Nonresidertiralcal

contractors 3,1 66, ¢ $5%

Nonresidenti al p

HVAC contractors 2,3 52, ¢ $ 46

Nonresidenti al S

contractors 1,1 17, C $ 13

Al | potnhreers i dent i ¢

contractors 98 17, ¢ $1.

Sour(c®etate of E@Gpl oy memi aDevel opment Department n.d.)

3. 3lL.mpact on Building Designers and Energy

Al t hough thiswooldd peophbsasfpiercsiti impeagkultlyantg o n

horti ceuglutiuprnelpndt st i ng design practiced dticmgcompl
codes practices is withBEHhuit hei m@ wihes$ ihgamweerc shiade
tcomplliyt | e 2fAgr Patrherm® parts obuitlhei magiéndv elgo pal
l i ghts i.n Baun lodfifnigcecodes (including the Califo

updat ed oyear trhewiesi on cycle and building desi
engage in continuing education and training i
t o desiigcnespraancdd bui |l ding codes

Businesses that focus on residential, commerc

design are contained within Nohea hArAoteirti eecatnu rl anld
ClassificatNANESYyFIT@)ol S hows the number of est

empl oymadttotal annual payr olTlhef awro dAer chtiatngaet u
pr opotshad sSt at ewi de CASE Teath2i sopewopuglsdi eg f or
potentially i mpact all firms wlihtehiSt attheewi Adrec hQ A

Team antibkbeéepiathwpacttshi s CtEH aofrfopotsafii rms that f
nonresidenti adomntdr u aitdiusn .r i al
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ThereoNiAd ESode spemieffigy consultants. |l nstead,

on consulting related to building energy effi
|l nspection Services secitmal f(iNeABWSC Sp r5i4ma3r5i0l)y, emhc
the physioalofnsepsectential ané@l thoing ersdtd emd § il &

determine which busiimkees sBeislt dibhg shmeme st i on S
f occulsn energy effich®nicyf coowvsiuTidamingghovi des an
upper bound indication of the size of this se

TableCali fornia Building Designer and Energy (

Sector Establis Employn Annual F

i I 1io
Architectut 3,7 29, 6 $X2
Building I n:
ServbPces 8 2. 3,1 $0 2
Sour(c®tate of California, Employment Devel opment Depart

a.Architectural Services (NAIESt 64 184dt0gbliciosnpme stes pri m
in planning and designing residential, institutional
structures

b.Building I nspection Seornvpirciesse s eNoAtlicGr&a tebesAtla8bI0i)s hment s p
engaged in provi di nagn dbounirledsii)ndgé mtyipeaslid tdiecan i adr vi ces enc
aspects of the building structure and component syst
services.

3. 3lL.@Bpact on Occupational Safety and Heal't

The proposed code change does not alter any e
regul ations pertaining to safety and health,
Division of OccupaltibnaAl Saéreitygtangwhlehtdt h an:
remain in place. Complying with the proposed

SNAI CS is the sfeadrdadd susadd shy cal agencies in classifyi
purpose of collecting, analyzing, and publishing stati:
NAI CS dweavseeldopi ntly by the U.S. Economic Classification
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business stati sstNAIsC S moenpgl atcheed Nohret hStAa
I ndustrial Classification (SIC) system in 1997.

and component systemsefandciinesnpceycediesnesnergiyces and home
services. This sector does not include establishments
pests, hazardous wastes or nahhmoeenivti riomalendal stcaneé¢ aan
gover nmerst tématti tfioeus on b uciol ndpilniga nocre /eennefrogryc ecnoednet of bui
regul ations.

SEstabl i shméhis s eatsdrneismscelsu da i neawa |l wa teinngga gee db uinl di ng 6 s
i
|
(
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adverse Iimpacts on the safety or health of oc
construction, commi ssobbnt hg, banddmagnt enance

3. 3l.mApact on Building Owners and Occupants

Controlled Environment Horticulture Buildings

The CEH sé¢éwuatdes anwi de vawsiefTheofe grewnfuaneir loiuts
demarcations andl desfsaccfiylpidtiioenss€d do€aaenabi s breal
grow f aoiwlni siiindg ©Cc atrewgrogspegse.i alty cottage, speci
medi um] aa(g@®@al Canna)blihse s2e0 ff7aci | i tfiieemranfgewi n s
hundf?efil canopy to tef’pfotcathbepysasdshese facil
i n stihzeey so c ann dg mMmgmworc e Sseelsl.er gr oma yf ancoitl iuttiiel si

specialized dehumi,dhéreasi bargqui pamentities m
resoufrecresi ntegr at ed SHWCAG &gauawp mentti. maates for t
canopy square footage i mpacted by these propo

Estimates for the energy i ntleshespdrydiorfg garm wt yf me
fac.i | Osttgyusddlyows t hat ener gy i nt2e8n Kii-ii pumagntpeange
canopy sdfuamdeiof obbait!| @owimk iglsohwaurt f oro poeutada oorns

in 2017. Earlier estdetbéesmi hed i hdsovalfFaeitot!

kil ochwau(tdort hwest Power and Conservation Counc
Buil di ngvouwreeres it from | ower en&egy3.bdhll s. As
when bwiwndksrasge on energy bills, theye tend to

econotntyer eby creating jobs and economic growttf
St atewi de CASE Team does not expect the propo
cycle to impact building owners adversely.

3. 3lL.dpact on Building C(bhmop wgddamtu fRaecttauirl eerrss
an® striputors

Ref e$edtod.omo2r the economic impacts agn buildin
including HVAC and |lighting manufacturer and

3. 3lL.@pacBuiolndihsgector s

Tabl ehdvs empl oyment and payroll informati on
agencies in which manyandaommertoiraslaoldd irledsii mgesn t
i ndus al draeidmpli ®ysed. Building inspectors par
stay current on al/l aspects of building regul
Stat ewi dlee &LM,SEt her ef or e, ant i ciwoaitheasyr et meo pr opc
i mpct on employment of building inspectors or
eneregfi ciency inspections.
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Tab2@Empl oyment in California State and Goverr
|l nspectors

Sector Govi Establ i s Empoly me Annu

Payr

(mi I 11

Admi ni strati St a 17 28 $29

Progriams Loc 36 2, 8 $205

Urban and Ru St a 35 55 $48

Developmeht Loc 5 2 2, 4 $186
Sour(c®tatCal of orni a, Empl oyment Devel opment Department

a. Administration of Housing Programs (NAICS 925110) <co

primarily engaged in the administration and planning
and stahdasidsg authorities, and housing programs, pl
b.Ur ban and Rural Development Administration (NAICS 92
establishments primarily engaged in the administrat:i
and raureals. I ncluded in this industry are government

3. 3l.MMipact on Statewide Empl oyment

The Statewide CASE Team does not anticipate si
i mpacts to any particular secst onrotoft ot hsea yC a lhiaft
proposedwobhdgehave modest I mpacts dm empl oy m
Sect3.opfhhe Statewi desCASBoa@EEAMsSt awdaatbect

statewide employment and economic output dire

buil ders, designers and energy consutlhteant s, a
St at ewi de (CAsSH gieetaemener gy savedgwd eabprodapgosed

chanwesl d | ead to modest ongoing financial sa
woul d then be available for other economic ac
3. £conomic | mpacts

For the 2022 Sbtdee@AIE eTTeameusedmotdel | MBPLANar e
along with economic information from publishe
devel op estimates of the economic I mpacts ass
chanh.i l e this is the fiS3tsdt eGAIE cyed@lve | iop swhi
estimates of economic impacts using | MPLAN, i

i mpacts devel oped for this report are only &es

I MPLAN (I mpact Analysis f orouPtlpantninmmogde |s oustema rteo iess tainmai
ef fects of praonpdo sperdb MPotlidchieessmost commonly used economic
due to itsamréwstenmdi wsedetailed information on output, e
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some extent speculative iIinformati onm. I n addi't
relatively simple representhoudgberecdntsshaeCal i f
that direction and approximate magnitude of t

reasonabl e, itec¢agtnhnapte rtthaentl MPoL AN model i's a s
extremely complex actions and interactions of
organizations as they respond to chamgéts in e

this economic amat ysrs,reéehg €ASEonservative a
th&elly economic benefits associated with the
t hi s aptphreo aSthat ewi dddeChs8lEeTeamnomi c I mpacts pr
bel ow represent | ower bound estimates of the
proposed gede chan

Adoptitcdhn sofcodeprepmhawaglkedsult in relatively mode
i mpacts through the addntduebhal atacehittraeaptodsn
energy consultants, Bmha Dtuatldwindge | O PE cToam. d
antpiacie that momesyi maavead hegr organi zations aff
proposed 2022 codeocayebal tegnl adtdohsonal spen
busi nesses.

Tab2eEsti mated | mpact that AdMe@mtsiMdoam lod Hahwvee Pr c

on the California Commerci al Construction Sec
Type of Ec EmployrLabor | Tot al Outp

| mpact (jo (mi |1 B¢ Adde (mil i

(mi |1

Direct eff

(additiona

by commerc

buil der s) 1,0 $6.88 $9.p¢1 $ 1429

l ndirect e

(additiona

by firms s

commer ci al 2 2 $1.BC $5. ¢ $507

|l nduced ef

(spending

empl oyees

experienci

or indirec 4 8 $2.82 $ 4.52 $7.87
TotEBdonomi

| mpact s 1,3 $ 1 059 $ 1629 $ 2 792¢
Source: Analysis by Evergreen Economics of data from t|
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Tab22 Estimated | mpact that 3uepasuwwoeubfl t he P
Have on theBGal i di ognDasi gners and Energy Consi

Type of Economi cEmpl oyr Lab Tot Outp
(jo |l nco Val (mil | i
(mi |1 Adde
$) (mi Il
$ )
Direct effects (
by buil ding desi
consultants) 3 $02 7 $02 7 $0 4 &
Il ndirect effect
spending by firn
bl dg. designers 2 $011 $01E $0 .4:
|l nduced effect (
empl oyees of fir
direct or indire 2 $0 .2: $0 .1: $0 .4
Tot al Economic | 7 $05 C $0 63 $ 106
Source: Analysis by Evergreen Economics of data from t|

Tab2®8 Estimated | mpact that 3ubepasuwWoeubfl t he P

Have on California Building Inspectors
Type of Economic Employr Lab Tot Outp
(jo Inco Val (mil |
( mi || Adde $)
$) (mi |
$ )

Direct (addecti ®#nc¢
by building inscg 3 $0 . $03 7 $0 . ¢
I ndirect effect
spending by firn
building inspect 0 $0 . ( $0 . ( $0 . (
|l nduced effect (
empl oyees of bui

bureaudepadt ment 2 $01C $01 € $0 . !

Total Economic | 5 $0 4 4 $0 . ¢ $0 82
Source: Analysis by Evergreen Economics of data from t|
3.4Crleation or Elimination of Jobs

No measureStahawi dd&dneCASE Team is proposing f ol
regulvaduloehad to the typafsijomboformetweaialti mignat
types of jobs. Il n other words, thewSBumhdewi de
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result in etoobpomito dngrspctor of the Californ
estimates of economncthimpwsebeddstcoasmedest <ch.
in employment of existing jobs.

3.4CRReation or El i mination of Busi nesses i

Th&8tat ewi de CAS[Eo sSTedh nowsaumhgoded resul t i n economi
to any sector of the Cal isftaarndraa plesecsheaonhgye.s Tthoe
CEMhiwhuhdt excessively blugideaxd wantcagn e@a ltii fveet

busi nédeewsuid necessarily |l ead to a competitiwv
busi neTshsee sSt at ewi de CASE Team hlaisgh aspteacnotsd sf e €
for lighting products may |l ead to ditTheicultie
proposed codecllardgwa@e mi ni mum c¢ a nwopuyl ds qaulalroew f
small grows tdohbeethemPtadewi de CrAStE fTeeraers ee e

any new busi nessest hah yn ge xcirsetait neagdo,bbudoirne s ses
el i minated duecbdehtalmeg tpo otploes edal i fornia Ener g\

3.4C8B8mpetitive Advantages or Disadvantages
California

Theode <chtahnegeSst at ewi de CASE Team i s proposing
woul d apply to al/l businesses I nedrhpor datheed i n
business is located i nrdghere,ootr eeu tStiadtee wifd et h@A S
doensot anticipate that the2@ 22e & 9 dreeegeuylpateipmors e d
wouhave an adverse effect on the sempetitiven:
Li kewise, businesses | ovnatheld phaett s iadd amft p@eeldi f
or disadvantaged.

3.4l.ddcrease or Decrease of | nvest ments i n

The Statewi deanGASYEz eTdeanmat i onal data on corpor a
imest ment by businesses that expand a firmbs ¢
domestic investAstEab248bowNPBdbEBaBAl1R0NPDI as
a percentage of corporate profits ranged from
percent. While only an approxi mation of the p
capital itnhvee sStneetnetwi ddeChSEepeami dadbl & reaso

8Goer nm€otdRect 1dB846. 3(c) (1) (C), 346%HBMOLA3((aa))((23)); Clo nCpCR i t i
advantoagedsi sadv a&mtld Jleosrsnfimee sses currently doing business

NPDIthe totali nvreosuinme mdpi t al by the business sector th
capital rsattohcekr t han maintain oCompptl aicer ghiet treonteegrplr efcti a
acor porpatyisornt s expenses.
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estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tab2éNet Do mkersitvlaastveest ment and Corporate Profi

Yea Net Domesti Corporate Rati o of N
I ngement by Bl After l nvestm
Billions Billions Corporate
201 6089 1, 74 359
201 45 . 1,73 269
201 508 1, 84 289
201 618 1, 84 349
201 589 1, 82 329
5-Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprntdposed wrewlsebarde t o shgnpéti tantdeasease) i
investment in any directly or indirectly affe
Nevertheless, a reasonable estimate of the <ch
busi nessasbryi vneudl t i pl yibmgi niesma me otf Tenb2 k2 d i n
t hr ougghh2 above by 31 percent.

3. 4ef5f ects on the State Gener al Fund, St at
Government s

The Statewi dedeCASBE @rpect the proposed code ¢

measurable i mpact on the Californiads Gener al
government funds.

3.4.5.1 Cost of Enforcement

3. 4ChHdst to the State

State government already has a budget for <cod
compliance enforcement woWhidl al $batae¢i ggversoen
update the TStarmda&rdds Pairmcloudi ng updating educ
materi al ©nalndgr e ®p questi onegaboemenhe, rekhesed
are already covered by existing state budgets

when compared to the overall costs savings an
code chansgaelSpp.nopeot hi s proposal only impacts i
greenhouses, there are no expected i mpacts on
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3. 4Cdast to Local Government s

Al |l revi sions rteos uTlitt lien 2cd4h,a nPgaerst t6o compl i ance
goveemins bturididn ng dempar tt hentr evti sfefdSt Taintdlaeg dx4 , F
While this retraining is an expense to | ocal

with2@Zxznsde change cycle. The building dode i s
|l ocal governments plan and budget for retrain
Numerous resources are available to | ocal gov

that can help mitigate the cost of retraining
pr ovi dedEnbeyr ggtyn eCommi ssi onds Co mpsluipgpnocre a neda nE nmfn
t hleOBodes and Sompdeaadse |IRrpagpivEmemdgy Code
AceAs notned he execuandpepenudminkahrey St at ewi de CASE
considered how t he pmrigpas dadnpcaccdke vcalranmgues mar k e
in the compliance and enforcement process and
|l ocal government s.

3. 4. @pacts on Specific Persons

Whil e the obpgrecpdsiet ofprndmest e energy efficienc
Team r ecogmadtzerst itdhle t hat a proposed update to
result in unintemtd8tatewsdqu€A8EsTeam does no

this codwoutheqatei mpdgt a speci fi c gor otuhpa nofa npye r
ot her s.
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4 Energy Savings

4. 1 Horticultur al Lighting Minimum Effic

4. 1Kdy Assumptions for Energy Savings Anal

Th€ali fornia Building Ener gSyo fQowdaer eC odnopel si annocte s
space functions and conditioning eqgdi wmehtd as

not be an appropriatensoampti o nmo dnl€é Edgryé agy | it
savingbatabos performed in support of this pr
spreadsheet calculations devel opedRfgea manag
contract with the Statewide CASEhdesmamy The <co
simulation $preadsheetismpacts of energy effici
i mpl emented in CEH facilities, including |igh
i mprovement s. Mar ket research conducted by th
establ i shmemrstt aonfd air ndd ysrtauciytpinteenst .anTdbeeagn ddudt r y
practices and equi pment serve as the baseline

measures are compared for estimating the ener
Ssubmeasur e.

The key as,summpctliuodnisn gu spendd tianeeatrgiyo deavi ngs anal vy
summari ah2®mndab?2e

Tab2® Assumptions Used in Indoor Lighting Ene

Canna Canna+f Canna+ Lea

Par ameter -Fl ow Veget ¢ Cl o Gree Tomat
Canopy Area

Lumi n@¥)tr e 2 C 24 1C 58 56
Photoperiod

(buper )day 1z 1€ 2 4 1¢€ 12z
PPFD (®Ms) / m 1,0 60 20 20 35 C
Baseline PPE 10z 10 Z 1. ( 1. ( 10 Z
Proposed PPE 2. 2. 2. 2. 2.

Tab2@& Assumptions Used in Greenhouse Lighting
Canna Cannad+ Cannaf Lea

Par ameter -FIl ow Veget ¢ Cl o Gree Tomat
Canopy Area
Lumi n@)tre 2 C 24 1C 58 56
Photoperiod
(buper )day 12 1€ 2 4 1¢€ 1z
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PPFD ((®Ms) / m 60 40 C 20 20 35C
Baseline PPE 1.« 1. ( 1. ( 1. ( 1. (
Proposed PPE 17 17 17 17 17

Baselhmteompetric photios ebhsicdeyed PPE® nagvieer age
ended-phieglsure sodi um ((NHBPVS)g anBmi2eddli7/mes | i ghti ng
technology was det-endeded| t babedsei agdeHPS | um
onhe 2017 U. S. DOE Repor (DOB PHDA&)tcal dmwceadt &i
on breakdown of mletmilnaialdese tlme HPISgher PPE of
ut i | Tyzpeidc al power input f otrd,tthGCG vl tutnd enraiiorde s ¢
and required photosynthetic phroapnbbabad densi
typical operatdmd ad urpdyk DFeotea.s 2019)

Canopy alremi naisrad cul @itregl t he required PPFD f o
t he perf olramaelcieg @tfi ng Hhuonti onpseihrrdeessd. t he ti me per
that plants require | ight. For guwmpgdploired akecy | it
l umi naires. For greenhouses, the photoperiod
l umi nairePhonholpeui 9 d eddti erarbigrsedtkirmg data fr o
i nfosmakelsahdemar ket research.

The pr opnodsoeodr CEW nfiaRUPibift 2. 1 was determined by
existing | ighting,atneaclhynzoiDmoggiitemsd iagrhati d a®dresor t i L
gualified (pQRE)dtwet iismg t hel irgehgtuiinrge meencth nwoiltohg
expefhes.primary technology type thabulgugahlti fi e:
emitting ptasmao(bBl) makf il catysdRBE P r

' ighting technol sgsespatder amdnadd@&Dti onal t e:
additional technologies to be eligible.

The proposed PPE | evel for indoor facilities
CASE Revasrtrel eased for pubPRat hervitetwan nprJames
PPE | evelModtfh® .9t at ewi de CASE Team is instead

2. QMow/id h consideration for a | ower PPE based
mi ni mum efficacy and its effects on the marke
response to feedback that the Statewide CASE

regardi ngi nmaumsuttances of the indoor horticult
illicit market to compete against or | ack of

analysis presemartd demonhtsate OMali /sd aPPE | eve
j ustlief icaobd e. Spplreacn gea c a lelfyf,e ctth ev ecnoessts anal ysi s i s

Secti.plnand the technical f easgi i IAdtdyi tiiso ndails c u

©The Draft CASE Report ocan pbse /f/faund e@thspt mek etheorledier s. com
content/upl oa-€@& HerOafBt5-R8 pNRt . pdf
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i nformati on Apsp eprdd kKihde Eniemgy Commi ssion wi |l |l
the information provided to GM@lp/odnd sreake nan t
informed final decision.

The proposed greenhouse minihteymal@PE cafcyl oT r e
douklnded-phieglsur e( PRIy miTMn &heewsmi ni mum requireme
all ows -edhadietdl eHPS and LED l.uminaires to qualify

4. 1ERer gy Savings Methodol ogy

4.1.2.1 Energy Savings Methodology per Prototypical Building

The EnCormgnyi ssion directed the Statewide CASE T
i mpacts using specific prototypical buil ding
geometries for diff erTehret ptryopged ypfe bwiill diimgs t
CASE Team esacdcailiystils arfabfiesented in

Assumptions for prototypical b tsit lachidrag dma chedloso r
and gr eehnohrotuisceu!l t ur ale vfed mipleidt ibeys ther &Stdt ewi de
estimate energy savings for each submeasure.

and greenhouse) simulated the energy impacts
| eagfryeens 1 n s epMircartoeg af padcaisldistei e ® presented by |
greeamsdi ne crops andarfeé owmeprnegectregpgsisy ot 6 mat oe
crop grreogwtihr eTntheentesner gy I mpacts were evaluated
basis, and results were weoing hotfe ds ttaot erwei pdree sheonrtt
facilities dedicated to growing each crop.
Tab2® Prototype Buildings Used for Energy, De
| mpacts Analysis

Prot oNg me Crop Type

ldhodWalheus«cCanha83 %Il owegrionggtlra 48 % veget at
growttlmge2% cl one growth st age

lshoor (Warc¢Leafy greens
lshoor (War¢Tomatoes

Greenhouse Cannabi s: 83% fl owering grow
growth stage, 2% clone gr owt

Greenhouse Leafy greens
Greenhouse Tomat oes

Th&t atewide CASE Team estimated energy and de

proposed code changebasedhgc al csplretaidem eted o | Spe
facilities. The Itiopht icrad canant gy Whaoued yon t he |
assumptions sTuana@ ndae2 #Fror i ndoor CEH facilit
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interactive effects on air conditioning equipm
estimated assuming minimal compliance with 20
requirements for air conditi one-A}¥Coaonld ncgo nldoeandssi
were assumed to deseeatelLBE#Debtghgyghegergy savi

calcul ated using a generic DX cooling coil pe
t eprer atures sourced from weaQGohne r rs ofiltlivdas redarc tti hvee
cooling effects were not accounted for in the
greenhouses typically venHourolry tehreerfgy ssawitmgs

muliteglby the 2022 TDV values Yo evaluate ene

There are no existing requirembatsi clalgihuttibneg 2
processi nl oCaEds fathbki St asewi de e @pbBaHs eleianne model
that repdemesnt scommon current design practice,

Through stakehol der feedback and research, th
baseline HVAC, |lighting, and dehumidification
humi dity, andmptrrogsation ass

Thpropomsoeddehs i denthasae¢l tmenmhmedkel ways except f
revisions that represent t hlehepreo pased imleanges
assumptions were updated to reflect the propo
assumpsi are used for both nevanadomgter ddtsiteerd am
Sectd.omnfdb2& ndab2 r e stehptar a medtheares e modi fi ed an
t heal tdswere udaedasenhitdeoporsoeddeflosr i ndoor | i ght.
greenhouse |lighting, respectively.

Comparing the energy I mptacttshe fpnrndpo vead erha cheel
i mpacts of the proposed coddédachamwmd éyomeylpa ttichd s t
practices

Tab2@& Modifications Made to I ndoor Lighting B
Prototype to Simulate Proposed Code Change

Cli miPar ame Basel Propo
Prototype | Zone Name Par ametelPar amet el
Cannalbil swer Al | PPE 10z 2.
CannalWNieget aAll PPE 10z 2.
Cannalcl #ne Al | PPE 1. ( 2.
LeaGryeens Al | PPE 1. ( 2.

1The Statewide CASE Team used the final 2022 TDV fact o
TDV factors are available on the Energy Commi ssionds wi
https:// www. ener gy. ca.-0g8WVseareknszhofe@n & rsdoydlged @OI2i0a n c e
metrics
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Tomat oes Al | PPE 1. ( 2 .

Tab2eModi fications Made toB@seéniheudMedel ghni ke
Prototype to Simulate Proposed Code Change

Cli miPar ame Basel Propo
Prototype | Zone Name Parametel Par amet el
Cannalbil ®swer Al | PPE 1. ( 17
CannalNiegetaAll PPE 1. ( 17
Cannalgi ®asne Al |l PPE 1. ( 17
LeaGryeens Al l PPE 1. ( 17
Tomatoes Al l PPE 1. ( 17
The Statewide sphAB dBd@eamldsulodties | i ghting ener.
for every hour of ktlhewgwetas mpmemsyead (kWh/yr)
year (therms/vyr). It then applies the 2022 1t
calcul ate annual enkegmalseni hs kiBEwadpdagti ETDY
annual peak eledtuctrcohy memsndedein kil owatts
savings values measured in 2023 present value

were generated.

The energy | mpacted afodtehe hmmage vargt aotyewildeaenat
CASE Team simulated the energy i mpacts in eve
cl i nzaotnee speci fic TDV factors when calculating

4. 1P8&8Unit Energy I mpacts Resul ts

Pewmninteregy i mgarowsf &aorel iptriesented in savings pe
canopy. Annual energy and peak demand i mpacts
calcul at eslguwairomtpdrasi s. This step allows for
savingsdattressent building types and enabl es c:

mul ti pl yirunng tt heenepregry I mpacts by the affected s
Energy savings and peak demand rTeadbB@&@&indns per

Tab3®mnd include both new construct-unntand al't
energy savings figures do not adoepunonfor nat
complian®ewunatesavings for the firstt3yw®ar are

199k Wh/dyerpendi ng upomndal ifraectid D2onaaeng peeducti ons
expected to &My e 010k Wiveeerndi ng on cl i mate zone

Threare significant energy savings as a result
foot of canopy of indoor facilities are much
to the higher PPE standard f o,sulnil g lythitmgtoinmg i n
to PPED requirements of thedpltaret addntgoaarnh dl
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requirements that appl yWittohimdeach glv wiwli chignd atc
i mpact of clmimaitrealzones i s

Tab8@ FiYestneEgy | mp8quar e eeFo&aimbpgoor

Climeé Electr Peak El e Natur a TDV En
Zone SavirDemand Red:! Savir Savir
( k Wh/ (kw (ther ms (TDV kB

1 189 001. 0. 4,31
2 192 001. 0. 4, 8.8
3 191 001. 0. 4,63
4 193 001 0. 5, 0.1
5 191 001 0. 4,50
6 193 001 0. 4, 84
7 192 001 0. 4,61
8 194 001 0. 5, 21
9 194 001 0. 5,21
10 195 001. 0. 5,02
11 194 001 0. 4,95
12 1 9.3 001 0. 4, 88
13 195 001 0. 4,94
14 195 001 0. 5,14
15 199 001 0. 5,10
16 191 001 0. 4,39

TabB8% FdiYesat Energy BSogpacesFB&bnGpgenhouse

Clima El ectt Peak EIl e Natur a TDV En:
Zone Savir Demand Red! Savir Savi
( kK Wh/ (kW (ther ms (TDV kB

1 2 3. 000 0. 597
2 18. 000 0. 473
3 18. 000 0. 478
4 17. 000 0. 447
5 16. 000 0. 417
6 16. 000 0. 429
7 15. 000 0. 390
8 16 : 000 0. 443
9 15. 000 0. 414
10 15. 000 0. 398
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11 187 000 0. 468

12 18 ¢ 000 0. 464

13 18. 000 0. 457

14 13. 000 0. 331

15 14: 000 0. 343

16 17. 000 0. 452
4 . Efficient Dehumi di ficati on
4. 2Kdy Assumptions for Energy Savings Anal
Energy savings calculations performedisimgsupp
spreadsheet calculations devel opE®RSBSyermanagem
contract with the Statewide CASE Team. The <co
tools to estimate the impacts of dehumidifica
conducyt eedheb St at ewi de CASE Team informed the e
standard practices andsteagnudiaprnide nptr.a cTthi ec eisn daunsdt re
serve as the baseline condition to which the
estimating thesepnpergyesawihpgps&&aghasshbmpasons.
i nclbuadseel i ne HVA&@sebHebgbBmidgficati éngaheuionpmesmct
temperature, humirditteys, and irrigation
The energy saviardea secal oplr d thieaesgs| i ne configur af
The breakdown of baseline equipment type was
l nstitute Poweo®weor sudwsangdf damati on on standar

from engineers

Tab82 Baseline HMAQGDNMSsSuUmMmM

Configuration % of St at
forecast

Codeompl ii@®ton 1DX HVAC (11 EEH 95 9
st amldone dehumidi f-Aprs (Tabl e
Codeompl i aAton<caliosiOed chill er ( 2 5o
Il PLV) with no heant dn dd¢ acwadrn o nf
(Tabl eDl110. 2
Codeompl i arton< wlaltGelred centr i f 2 5
(O00. 61 kW ton full | oad and O
recovery for dehumidifieDti on

The
exchanger

proposed heat
based on

recovery

2Q2Zritl e

system has
industry Foerafidagadeemhesr amea

an est.i
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t omat oas sienglod environmental conditiwass throu

assumef€ansabacilities require different envir
vegetative growth, and fl owering, and each gr
Tab3B3andab34pr ovedei ronmeinttiads cmmtdi ons utilized
baseline and prLapgohste dh gd epsoiwgers .densi ties used i
enercogymsumphabase shat éd@ baseline | i,ghltiigqilgt t ech
spacand, PPE val ueSedtdieolfEldvi edniment al conditio
wer e prboyindeenduf acturers, designers, and grower

by a -ptaritryd t echniTbel St avewwde. CASE Team has | e
stakehol der ifreccadra ctklaa ithlaith sseisdd emomami zer wi |

only imeledenomi zer to pass comii sScomme oty c h e
economi zer due to contamination concerns. Thu
in the HVAEBScaeoantysgby, there was no assumed i

the proposefdomxtceptsaibche nggcaanérmcaeben di oxi de
enrichment i s wused.

2Q2ZTitl e 2F) nGASHE ReiROr2RCOW ROCH|7 4



Tab83kCommoAsssumpti onsCl&esepdbdmmumi di ficati on

Savings Calcul ations

FI ow FIl ow

Roor Roor

Ligh Ligh

On Oof

Temper @Fur 80 70

R H( %) 509 5009
Wet Dbul b

temper(AFur 6 6 . 58.
Li ghRower

d e n s(iWPy 46.6 0.

Li ght(sHoarm ) 7 N/ .

Li ght(sHoafrf) 19 N/ £

Schedunlre d: 12 12
Wat e ra tneg

(g dfPt dpy 0113 0113

1.Lights

TabB84Common

Savings Calcul ations

Temper @AMFur e

R H( %)
Wet bulb t@rfperat
Li ghPowegr deW ity

Li ght(sHoarm )

Li ght(sHoafrf)
Schedulre day)
Wat e matriiggai? dpy

1.Lights

2Q2Zritl e

werteo ases uonredf rom 7AM

werteo alses uonredf rom 7AM

Vec Ve Clor Cl ot
Roor Roor Roor Roor
Ligh Ligh Ligh Ligh

On Of On Of

75 65 75 65
559 559 55¢9 559
6 3. 55, 6 3. 55,
26. 0. 8 . 0.

7 N/ . 0 N/ .

25 N/ . 24 N/ £

18 6 24 0
0071 0071 0035 0039

unt il 1AM the next day.

Assumpt i olnesaflys e@lefeomi di fi cati on

Light: Light:

75 65

60% 60%

65. 56 .

17. 0.

7 N/ £

25 N/ £

18 6

0071 0071
unt il 1AM the next day.
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Tab8B8BCommon Assumptions Used for Tomato Dehumi
Savings Calcul ations

Light: Light:
Temper @AMFur e 75 65
RH( %) 60 60
Wet bulb tE@rfperat 65. 56 .
Li ghPower dewWd ity 31. 0
Li ght(sHoarm ) 7 N/ .
Li ght(sHoafrf) 25 N/ .
Scheduhlre/ day) 18 6
Wat e rd triggdfPt dpy 0.08 0.08
1Lights werteo absuonedf rom 7AM unt il 1AM the next day.

4. 2ERer gy Savings Methodol ogy

4.2.2.1 Energy Savings Methodology per Prototypical Building
The Energy Commi ssion directed the Statewide

i mpacts of all Title 24, Pastsi®@npsopopdlostypEl
include indoor growing facilities. The Statew
i ndoor growing facilities in order Tbeconduct

prototiylpiet ifax wer e -pvaetttye d elcynena cEaR bwihdew ¢ e w
significantoedpeni egeegy fmdcEH ifvprnduf asesrer

al so provi wader npand ashyesst eAm s8i;kmémdy . heat | oad
calcul ation was performed on theipldetanydp ¢ aft a
heat | oads for baseline and proposed equi pmen
section were applied to baseline and proposed
proposed measur e.

The prototype building usedssomed]| fflff a@leardtaci
canopy. The prototype, band dti ngrs twee ee mordgy eus ¢

buil ding was divided by the canopy square foo
square foofThofeecam pywecrreo pantaylpyezsed, t omatoes,
cannabis. Thesethkhe oppprepgesreaement s of others
well, $Sbotwensds h&@hbsfoll owing breakdown of cann
growth stage is based on grower and designer

T 83 percent fl ower room

1T 15 percent vegetative area

1T 2 percent clone area
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TabB8@& Prototype Buildings Used for Energy, De
| mpacts Analysis

PrototyCanopy .Crop Type

Na me (f3

| choor 10,000 Cannabis: 83% fl owering ¢
(War eh« vegetative growome sgragwt b
lchoor 10,000 Leafy greens

( War e h«

| choor 10,000 Tomatoes

(War e h«

4. 2P&WUnit Energy | mpacts Resul ts

Annual energy and peak demand i mpacts for eac
on a-cpapBspgyu &roeot basis. This step allows for a
across different building types and enabl es e

mulyipdg tunei tpeeener gy I mpacts by the affected s

The Statewi de sphABdShemiadli omnl atlewi lwhiodhge ener g
consumption kné asvwtueds iprer year (kWh/yr) and th
(thermeadyt hen fPo¥i dasopy of t heThper o2t002t2y pTeD Vb u i

facttare apmwlicad cul ate annual energy use in ki
(TDKWBt udrygnnu al peak eleductconhy themandedei n Kk
(kWDV ®Bnergy cost savings values measured in

al so generated.

The energy 1 mpacts of tvleey pbryo pcd s @the e8 tteotneetva d g

CASE Team simulated the energy i mpacts in eve
clatteone specific TDV factors when cal.cul ating
Savings vary minimally per climate zone due t
|l oads of indoor CEH facilifTheshkatnggi andrcab
budiilng i ncurs due to eutisni cdeo mMpamp sroat aroe thmal |
internal Thws,esrseeggardl ess i f the |l ocation i s g
climate zone, savings wil/| be similar.

Energy savings and peak deprasmde nTeslnd&@ndons per
apply tocboshr,neaitcer ati onE] exnadiaddiyt iionmcsg eas e
associated with this measure are due to an el

2The Statewide CASE Team used the final 2022 TDV fact o
TDV factors are available on the Energy Commi ssionds wi
https:// www. ener gy. ca.-0g8WVseareknszhofe@n & rsdoydlged @OI2i0a n c e
metrics
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recovery Tshyes tneamau.r all gas

cl i nzaotned ¢ .

occurring
expected -0d.o5 rtadwpCe.ys0r. 88md r nidse/pyern di n g
cli mat.&vhz o rme elsawti migsi tvyaycyl isnhaihgeh tzltyh ebr e
di fference

yeanme

-preirt
mar ket

energy

for natur al

Tab8® FiYestr Energy
Dehumidification

Climié El ectr Peak EI e
Zone Savir Demand Red:!
( k Wh/ (W
1 0. 0.C
2 0. 0.C
3 0. 0.C
4 0. (0
5 0. 0.C
6 0. 0.C
7 0. 0.C
8 ( 0). 0.C
9 ( 0). (0.
10 ( 0). (0.
11 ( 0). (0.
12 ( 0) (0
13 ( 0) (0
14 ( 0). (0
15 (1) (0
16 0. (0
2@Zritl e

savings
savingantf ifpour ensatdia ad d ty
adoptPie-ane bec tsamg@iniggsn deo rr & thees

gas savi

Natur a
Savi

(ther ms
0.

O OO0 O 0000000 oo oo

I

resul ts

ngs .

Soqmpaces FRebpygf C

i s

TDV En:
Savi

(TDV

k B
25
24
25

I

2 4

24
25

25,

24

24

24
23
24
23

2 3.
21

25
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5Cost and Cost Effecti venes:

5. Horticul tur al LEfghitcagy Mi ni mum

5. 1Edergy Cost Savings Methodol ogy

As with oRépor tCeaArISEg cost savings were calcul at
energy cost factors to the energy savings est

met hodol ogyi Rlectdrdalf ¥ s a nor malized metric to
cost savings that accounts for the variable <c
hour of the year, along with how costs are ex
anal §y30syears for rssamnmddnnadnmrlesnedermutrieal envel o
15 years for all ot he.r Inmontrheiss deeanstea ,alt e apseaurriec
is 15 years. The TDV cost i mpacts are present
val ue dol |l ars anrdgy epasts emnavitrhges ermmeeal i zed over

Since there is no current hoirmni®@dléitfEonranrigayi ght
Code the Statewide CASE Team conducted stakeho
baseline téd&dolenalt egviS&E® TEAM casduvttgd wi th growe
across ttme gsstttadstead ar d pr act i c e.Hooanwseevlieaien et di ntfhoer ma
| ow response rate and | @ak aof r ®ma t ithsatsised & nley , s
lighting technol o@y 7wdals Sb a DOE &re ptohhreg DdDn Hor ti
( DOE 2anid7 )ddaser mi ned -drod ek maetnagyll ehal i de and HP

This code change proposal applies to newly co
greenhousesy, Addet hontal tul ture | ighting stand
a system increase hortilCupdrucgent igrhtdadhdd wrad g lac
percent of the horticulture |l uminaires 1in an

LEDs havet hbmacotmepbmgthltamg techanotl ogyg!l i naf mirng,
HPS and met al hal i de | ampsl icgohrpirn gsoes soavdekre d8 0 p

indoor farms and greenhouses. To gather the ¢
many online sear chesngdamea dewmlleat eHdP,S aasn ds imet a
hali dmi saare both readily available and commo

5. 1ERergy Cost Savings Resul ts

Peunit energy cost savings for newly construc!
reali zed wgearr ifolede 0lf5 anal ysi s are prad8&nted in
andabld3 @

The TDV methodol ogy all ows peak electricity s
savings duealkgpdaroinads<ul tur al | i @htoirnag7 no.f t en s
Pacificd STiahneflae al i gn with day shiftrempl oyee
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fl oweopsand
schedCademsabi s
schedul e

types

TabB8é

Per

TabB8e

O 00 ~NO O1Lh WN P

PR RRRRR
oUhwNER O

Per

Cl
Zone

00 ~NO Ok WN P

operate
Approxi,ma25p eycefntproposed
depending

Square

Climelbyear
Zone

Square
Greenhouse

malb5bYear

(2023

vegetative

on crop

PV TDV Enesr gOv ededtc Paevii rogl

type

savi

cannaboms24rbobpsrtgaycall
floweriog?2r hboms /dpgr at ¢ghghng sc
iwnafso rpmraotviiodned by CaliforniAl lgroweps t
dur i n9p .aRST emesak pealrac torfi adihtey 4per
occur during

iof Analy

FooNewf CCGanb,pAUteiraniamms Adidnidtoioorn s

TDV E

Cost Sa

(2023
$3 8 .
$4 3!
$4 1
$4 4 |
$4 0
$4 3
$4 1
$4 6 .
$4 6 .
$4 4
$4 4
$4 3 .
$4 4 |
$4 5
$4 5 .
$3 9

PV TDV Enesr gOv ededtc Paevii g

15 ear TDV

Gagost Sa Energy

(2023
$0

1552
o o

&R PR R R R R
ellelilelileolleoliolololololcolelo]

Tot adyedah
Cost
(2023

$3 8 .
$4 3.
$4 1 :
$4 4
$4 0
$4 3
$4 1
$4 6 -
$4 6 -
$4 4
$4 4
$4 3.
$4 4
$4 5.
$4 5.
$3 9

iof Analy

FooNewf CCGanb AUt EIran iamddi ti ons

TDV E

Savings

PV$)
$5 3
$4 2
$4 3
$4 0
$3 7
$3 8
$3 5
$3 9

2Q2Zritl e

15%ear TDV TotadYeah
Gas Cost SiEnergy
(2023

(2023 PVS$)

TD

Cost
PV$)

$5 3
$4 2
$4 3
$4 0
$3 7
$3 8
$3 5
$3 9
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9 $3 7 $0 $3 7

10 $3 5 $0 $3 5

11 $4 2 $0 $4 2

12 $4 1 $0 $4 1

13 $4 1 $0 $4 1

14 $2 9 $0 $2 9

15 $3 1 $0 $3 1

16 $4 0 $0 $4 0

5. 1. Bcrement al First Cost

|l ncremental first cost ied ftilkca einni teiqauli paneantt too

practices when compared to the cost of an equ

i mportant that the Statewide CASE Team consid
measure cost effectiveneses balsredr eme ntad la faivrag tl
and can change over time as markets evolve an
new technology and building practices.

Baseline technology for the horticulture | igh
through &lmdlhdert akutreach and online research.
detail ed questions to ddtuem mianve eveh ato ntmpomd yo fu s

CEH aci¢i owiesg demfabigsg,eens,t hamd gthoomat cCad i f or
Respondent st avelriestabil ®f or man d ot e:mbleat HPISNngl e

l umi sai met allurmiad aidieBuUmMbeai peélaustmasai r e

i ncandesdamt /s@Fénedl wrkiDn.ai r es

Retailers such as Amazon, Hydrobuil der, and G
wdsites such as Maxlite, Eye Hoorntliflauex ,maannyd Vi
products. Additionally, the Statewide CASE Te
Lumigrow, Thrive LED, Signi fy, and |l 1l umitex
The coxutmi afat hat meet the proposed PPE | evel s
online searches of the sourcesl|l uWdmisafeidu md ttdh e

meet the proposed $hendamdy beeotbLBBs.technol o
t he reqguiirneudn neflbucachere was no testcadnata ava
achi e®O8o2T/hlee St atewi de CASE Team analyzed pric
| umi samaeuf actured by many of the sources | is
pricesvefrbiBmi nasd |aepe used to ceonhfdacti Tdneass
anal hies s plecmifnacm d elsasm@gdr t he cost analysis we
AppendAmnx d&ver afgoer cseisntigeldel HIMB namd elsamps was t he
baseline cost fonggtkRrenhvwasage nghgei®Sor

l umi namd elsamps was the basand nal sfoort hen dporoap d si e
greenhous.€l hlei ahvteirragge colst mi hwiraRHEet L&ED above
2. laswthe proposerd lciogshtt ifnogr. i ndoo
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There was no assumed increase idwe atboore gcuwispnser
changeas the proposed submeasure can replace t
f eorne bAmisss.umed | abor o€t o$fdd0rD nacir eaacscee pt ance tes
tehnician to verify th&apr opds$necd eldnegnhwtailunl gd ocsa nst
not vary between alterationisnameame mitvga Icsooal eedltryu ¢
dependent on product ccaoossdalud@ hewwrcestinh both
increment allumiodaisr g e horticulture |ighting s
greenhouses and Manhotemaema&der i deesribed. 4 n Sec

Tab4de@e -YBar Lighting I ncremental Cost Per Squa

Buil ding 7 l ncrem Il ncrem Tot al Il nc

Equi pnGeonst Mai nt enan Cos
|l ndoor $1009 ($37. $7 2.
Greenhousce $4 32 $13. $171
For indoolrED ilginhmwimdghr esough Ftephacewaptt 0060
douklndded HPS |l uminai detweménchgsaenvef@age propo
CosAt .6watt LED |l uminaire was wutilized -as the b
ended HPS Thmiageragd ndroopoda@ubihptmenngt cost per
Il umi nwaai$rle 2HoAr t i cul t ur al | umi naires have an ex

approxi mateAyl adi yaiare.repl acemenyewas factor .
eval uati om peruiad dcafisatre, 5048 v6e2r tyleemarl e val uati on g
For gr eenhmogusuwebdelmdehdt iHHRM nai r es Iwigthht teanuotupguht
repl alc e0-Wadtsti nnghded HPS warme nahosen for det er mi
proposed equTlpeneavercadgde .proposed greenhouse |
per | umi nad6.Deewthe ®Hhe required [ uminair-e repl.
year eval uadatti owaspersisoudned t hat a second | umi na
purchastafgquiTpmeswer tyleearl HH &$r5i2®d i s

Baselinedsftgsmt bmg h i ndoor anus @d eseinrdgeldss éPISi gh
and metal halide | uminaire equipment cost. Th
cost per | ukiiSmat ak theagsueiPpicmeeptr | umi nai re over
year evaluabisomaspemiedsd®@omstbei i5f or mati on for eq!
t hbekaseline and propoded nlodwgle nafi xefHf i ci ency

In order to det eirnntirneemepnetra Wwaasnoospsys uimed t hat eac!
l umi ndilruenkAasgeare f e@edt0 osfq ucaammeo fyeeedenhause spa
These average areas per fighureghdesi geensprg
manuf acamud earse deriregdi ream®Pik®sab=2da ndabl e
26lncremental equidepmanwtedcdstomnwassubtuaptmesaty base
from t he epgruaparseesadn dcdsvi ding by tHeodmmreopri at
covered per |l uminaire
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| ncr emenwaelcexclocsdiisaheteamspywyfsquare footage to

uni forn anedcaoampaer ddaseline and pbnogesedngcanao st
di f fepemcequar eofpgdtheofStaad ewi de CABEt Eeamnwas
cost savings per square foot afseapowhat THegr
of savings they can expect dep&€mndiend aommgutalye s

was written in terms of total meomméeotreaed albil ghtb
building officials and onegtbwérsan be easily
There was no assumed incremedealtdaeo =tl efcdarr itchad
power system serving CEH spaces so horticultu
ot hleirghti sgnkead#®i s i s common industry practic
5. 1. ddcr ement al Mai ntenance and Repl acement
|l ncr emeaentnalenmndé ecoxntcriesnent al cost of repl aci
parts of the equipment, as well epstpereqgdi p mm

operating relative tolweareperpodcthheapaéygent
val uequwifpmanht enance costs (savindqapeeewasnt al c
di scount, mweatteh(d)s consi stent whietnh dtelves | dips cngu nt
2022 TD¥Yr eswaltaife mai ntenance costyYenhat soccurs
calcul ated as foll ows:

0 OAGRAIEOARAET OAHTAOG M ET OA4 '|'A®&—A—”ppA
|l ncreasing the minimum PPE forohbhéiocsétafell
products that | ast |l onger in addition to work
decrease in maintenance costs with fewer repl
The baseline technology for indooremeamtwi ng f a

every yelaumiamaiprhemac e ment efveerr yalllO. TyheceapDsk € p e s

Horticul (Desail g@PLght s Cuwtnisloirzea sunbf®,0000B0hehour s

expected | ife of hortiCAIlEIlugdtercdhmigplbal nBRef ased
Manual eeaTRM) faonrd Hbismgsh L(E@asl i f or ni a TecThhne c al F
CA eTRMegnmntates theartaoaseaf.uBhé average daily r
1218 heersfdaary horticul aeyda@t uUseghwi nlgi fe was wus
12 yelahres .pr opnodssebpda ndar d dmadi nbénhmaoe costs ass.
there is no | amp replhoocdmentllteummad.aileEDse d wi t h

Amai ntenance cost of $747 was assumed -for bas
year period of analysis for Dwtilk drneganmlko waes a
frdarme cost r epl aceenndeendt |oafmmmakdviergyl ¢ he i ndoor L
proposabaweubd47 in maintenantcbdisa$sirdagser 15
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translates to a reducti onpearn cnean onpye nsagnuoagr ec ofsa C
t hessumption of 20Dumigdaired fneaeotorp gmr ows

The maintenance cost increasei fomreaggse einhoprsiec e
douklnaded HPS | amp c o repnadreedd HPo3 als asmpntigelde | a mp

i esti mat ed,atnd Weowdm3ddeed | amp i s estOvreart eld5 t o co
yeathe increment al mai nt esdbmMd@e desi vpet heumin
i ncrement al mai ntenancd heostncpgermeand wd r enafi md te n
l umi naire it $4@ivgfddecde bycahomynt@ermgeetincare ment al
mai nt enasteper square foot of $13.49.

There was no assumed change in | abor for eith

The baseline and proposed |l evels for greenhou
repl arctemevery lyemir r@ipdlead e ment every 10 years.

5. 1ChsBf fecti veness

Thissimeasure proposes a mandatory requirement.
required to densoubetasatre tlBatoshe eyfdarctperei mdv ec
anal ysi s.

The Energy Commi ssion establishes the procedu
The Statewide CASE Team coll aborated with Ene
t he methodology in this report is consistent

were included in the analysis. The increment a
costs oveeat hpedlbod of analysis were included
from electricity and natural gas sBesnmmgs wer e
costs were not included nor were the incremen
According to the Energy Commi ssionds definitdi
bendgfeiotrst (B/ C) ratio i s greater tdiawi di 9g fThe
cost benefits realized over 15 years by the t
mai ntenance costs for 15 years. The B/ C ratio
cost savings.

Results ahitee bpent i veness saennatlgydsledslmadiabpee

4% orndoor grow and greenhouse facilities. Cos:1
constr,ucatlitoer ati on.d ndama ddacaii tlii @ ryshd ogshte re fdfueec tti
i ncreasiedt é ngihtty requirements for indoor facil
costs gohinggh firmtnensi ty discharge | uminaires tc

The prospudbsadure saves moyneyr owerri ddheoflb5anal ysi
the existing pcaompdisteido cso.deThcehange i1 s cost effe
zonlen faBtgfathe nevekOifrmldmy bcelliomat e zone.
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Tab#d el ear -Ebbectiveness Summary Peri Square F
|l ndoor Lighting

Cli ma Benef Cost Benetfa
Zone TDV Energy Cos Total 1Inc Cost F
Ot her PV 2¢ PV CO0O¢
(2023 (2023
1 $384 $7 21 5.
2 $434 $72. 60
3 $412 $72. 5.
4 $446 $72. 6 .
5 $400 $72. 5.
6 $430 $72. 5.
7 $410 $72. 56
8 $463 $72. 6 .
9 $463 $72. 6 .
10 $446 $72. 62
11 $441 $72. 61
12 $434 $72. 60
13 $440 $72. 61
14 $458 $72. 6 .
15 $453 $72. 63
16 $391 $72. 5.

a.Benefits: TDV Energy Cost S8enpfsts OnhbeudBVTHB¥VvENgS
savings over the( Ppreerigpw 4 fEmwmiarlyrsmesnt &8t hEcosami ags?2a
di scounted atianfkeati énbpbmtheake percent ratel Other P
fi-cest savings if proposed first c@&¥maiirst drearscd hamns tc
savings if PV f proposed maintenance costs is | ess

0
b.Costs: Total IncrementaCo®resemeclrddenedl| Cegtus pment,
ment, an

repl ace d maintenance costs over the period o
(infddfusehned) three percent rate and i f PV of propos
of current mai nt emeanntcael cnoasitnst.e nlafn cienccroest is negati ve,
benefit I f there are no total i ncrement al PV cost s,
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Ta

b4 2l5%¥ear -Ebbectiveness Summary Peri Square F

Greenhouse Lighting

Cli ma Benef Cost Benetfa
Zone TDV Energy Cos Total Incre Cost F
Ot her PV a¢ Cosh
(2023 (2023
1 $53. $ 1 30. 37
2 $42. $180 29
3 $42. $180 2 .
4 $39. $180 2 .
5 $37. $180 26
6 $38. $180 2 .
7 $34. $180 24
8 $39. $180 2.
9 $36. $180 2.
10 $35. $180 2.
11 $41. $180 29
12 $41. $180 2.
13 $40. $180 28
14 $29. $180 2 .
15 $30. $180 2 .
16 $40. $180 28

En
en

vV a
co
me

.Benefits: TDV Energy Cost S8enhepfsts OhbeudBVTHBE¥VENEGS

savings over the( Ppreerigpw 4 fEmwmiarlyrsmesnt &8t hEcosami ags?2a

di scounted atianfkeati énbpbmtheake percent ratel Other P
fi-cest savings i f proposed first ce@&¥maiirst dreasrsc d hams tc
savings if PV of proposed maintenance costs is |l ess
.Costs: Total I ncrementaCofresémlréaemedl Cegtus pment ,
replacement, and maintenance costs over the period o
(infddfusehned) three percent rate and i f PV of propos
of current mai nt emeanntcael cnoasitnst.e nlafn cienccroest is negati ve,
benefit I f there are no total i ncrement al PV cost s,

Efficient Dehumi di ficati on

2Eler gy Cost Savings Methodol ogy

ergy cost savings were TV ceaun eart ggyd doys ta pfpd oytic
ergy savings estimates that ddves er d¥eraltviieadn u s

. ATRV ai mor maenkriitme d c alemwelregdyea vitnlgst count s for t

ri avtit eofroel ectrgas tefacdhn dh omuat wrfalt he year, al
sts are expected to chanMd@dd owearr st feorpeareisad e
asures and eowve¢ovpeéemeiaslures and 15 years f
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nonresidentilan tmeiasuca®eseg, the periodhef TOWvWal y:
cost impacts iareaopvriesadntdeed | ars and in 2023 pr
represent the energy cost savings realized ov
This submeasure applies to newly i wsubbdled de

have both new constructi on eangdy aclotsetr astaiva msg si nf

construction anmd salmeat @i besneaseéence the equip
costs are the same. Surveys were used to esti
technologies installed in grow facilities.

5. 2ERer gy CostReSavitrsgs

Peunit energy cost savings for newly construc!
realized g9gear plkei dbhref pareasleyndied i n nominal d
dol!l li d@rav4 2

The TDV met hodol ogy all ows peak electricity s
savings dpmpeakgpdreiakddemand savings are cal cul
consumed during peak hourisplliee.bynigbalT®NVs holu
one over the course of the year.

Tab42 2023 PV TDVSBwvemgy OeeRrerliS5od of i Anal ysi ¢
Pefquare Foot iNewC&ooapgpyruction and Alteration

Climeél5ear HID&/ct rl5ear TDV Totadvredb TD
Zone Cost SavingsGas Cost SiEnergy Cost
(2023 PV$) (2023 PV$) (2023 PVS$)

1 $1. $21. $22.
2 $0. $21 . $21 .
3 $0. $21 . $22.
4 $0. $21 . $21 .
5 $0. $21 . $22.
6 $0. $21 . $22.
7 $0. $21 . $22.
8 $0. $21 . $21 .
9 ($0) $21 . $21 .
10 ($0) $21 . $21 .
11 ($1) $21 . $20.
12 ($0) $21 . $21 .
13 ($1) $21 . $20 .
14 ($1) $21 . $20 .
15 ($2) $21 . $18.
16 $0 . $21 . $22.
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5. 2. Bcrement al First Cost

The baseline technology for the indootodehumi
be a Titleomhp) i Ratt H¥AC system without heat r
air reheatal @amae dtedmudni di fi cation units. Propos
recovery such as hoeatr oguansd bhyepaats se xocrh awnrgaepr s t o r
dehumidi fied the baseline equipment. Cost inf
proposed conditions came from estimates from
deallemfsor mati on on cost sources for baseline
presented i nAlAppesdi sodrces used for the code
from confidential sources.

A 5, f6t0@nopy was used to calculate equipment a
was then divided by the square footage to obt
Eqpment was specified for cannabis, the crop
Ot her crop types would not require as much de
i ncrement al cost. Utilizing the increengnaal c
conservative iensctriermmactnet.al cost

i ne cost assumed 120 tons of 201®ndi tl e
ecallbomaddehumi di fication units rated at 5

Basel
v
e equi pment s p5e coiftfibifc actaiB@py lame floghti ng e
;
Y

e
t we l
Thes
cribed5binué&ae citsomadd et er mi ne i nternal heat | o

i pmenfThebtahgbaseline equififfmaecntla&oyd & 6f dbr a

des
equi

Two code minimum equi pment designs were bl end
growers, designers, andreebumindit hiec peircenma o
designed each way. Approximately 90% of the i
alone dehumidi fiers. The other 10% of the 1ind
dehumidi ficaThent entydeeltdebol.de mi ne ntu nt cesqtu i fpor a !
f°f aci BLOYL,. 068

Foeqgui pmenat tbast proposed eddi gnfeamarycnaatwdlact ur
was provided for the specifiedfopern attiegg ad erdd
HVAC and dehumi.Ciofsit satwieomr dmiutmsgl online from g
f osrt aamldone dehWrmildii fniceresnent al costs were then
per square foot of canopy.

As noted 4n2Secbobhomi zer s wer ea npoatr ta sosfu niende tHoV £
analygisnee they are ofTlklusdi scooosctwds assume

Tab4 4 epitcottsa l incremental costs for the effici
Mai ntenance cost changed$.&rd described iIin Sec
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Tab44 | ncrement al Costs for Efficient Dehumi d

Buil ding T\ l ncrem Il ncrem Tot al Il nc

Equi pmen Maintenan Cos
Il ndopeSquar $8 . ! $0. $8 .
Foot of Cal
5. 2L dcr ement al Mai ntenance and Repl acement
|l ncr emantnalenmndée ec oaxntcriesnent al cost of replaci
parts of the equipment, as well as periodic m
operating relativevder tyheerkiodr pmahd fyiseespr esent
val uequwifpmanht en&@zmwmsts (savings) WwWpercahtul at e
di scount, watteh(d)s consistent with the discoun
2022 TD¥r eswaltaufe mai ntenance costyenhat soccurs
calcul ated as foll ows:

0 OAGRA I OGZEAAET OAHTAO G A ET OA&'I’A@&—A—“ppA

Mai nt enanweer e oasstssumed t.o Abpep rnoexgi pneagt ceelfiyét & @
facility stoazlkome i dfeizeenss Gitaamndd t he code mi ni mun
that technology opti scalhodeadebumi df ffiemr e Main
both baseline and -xloadree nididfls us@engeusi tvaklode n sy st e ms
with baselinhbaequspmebhher a chilled water sys
systemmale mini mum version of that equipment h
and they were assumed to have negligible cost
mi ni mum equi pment .
5. 2CobsEf fecti veness
Thissimbeasure proposes a mandat croywtr eaquail ysment .s
required to densouetasatre tlBatoshe eyfdarctperei mdv ec
anal ysis.
The Energy Commi ssion establishes the procedu
The Statewide CASE Team col $abonasedfiwitb Eoe
the methodology in this report is consistent
were included in the analysis. The i ncrementa
costs ovegeat hpeflbod of &ae&dl yEhe WBVeemercdywy coO:¢
from el ectricity awedr enaalusroali ngcalsu dseadviinng st he eV
Accortdo ntghe Ener giyd e&foimmii tsaisonmesa s ueg fef & cstt hceoes ti f
bendgfeiotrst (B/ C) ratio is greater than 1.0. The
covenefits realized over 15 years by the tota

2Q2ZTitl e 2F) nGASHE ReipRdr2RCOW ROCH|8 9



mai ntenance cost$héoB/ C5r gemaoswas o«aolsdauwsl atnad

cost savings.

Results a@ahitlee bpert i veness anal Vaskeds® are presen

The propubsadure saves moyeayr owemaldvvseo sl banel at i\
the existing conditions. The proposed code ch
zone. e€Cbettiveness is identical bet ween new c

Tab4#4®l5%ear -EbSectiveneszerSbmgmary Foot of Cano
| ndoor Dehumidification

Cl i ma Benef Cost Benetfa
Zone TDV Energy Cos Total 1nc Cost F
Ot her PV &t PV Cd:¢
(2023 (2023
1 $22 $8. 1 2. ¢
2 $21 $8. 1 2.7
3 $22 $8. 1 2.7
4 $21 $8. 1 2. €
5 $22 $8. 1 2.7
6 $22 $8. 1 2.7
7 $22 $8. 1 2.7
8 $21 $8. 1 2. ¢
9 $21. $8. 1 2. ¢
10 $21. $8. 1 2. ¢
11 $20 $8. 1 2.t
12 $21 $8. 1 2. €
13 $20 $8. 1 2. ¢
14 $20 $8. 1 2. ¢
15 $18 $8. 1 2. &
16 $22 $8. 1 2.7
a.Benefits: TDV Energy Cost S8enpfsts OnbeoudBPVTB¥vENgS
savings over the( Breari @ i f Erawniarl yrsmesnt ®f hEcosami ags?2a
di scounted atianfkati 6npmtheake percent ratel Other P
fi-cest savings if proposed first c®&¥maiirst drearscd hamns tc

savings if PV
b.Costs: Tot al |
replacement, a
(infdadjusnhed)
of current ma i
benefit. I f th

proposed maintenance costs is | ess

of

ncrement aCofPresiemciréddenedl Cegtus pment ,

nd maintenance costs over the period o
three percent rate and if PV of propos
nt emeannt cael croasitnst.e nlafn cienccroest i s negati ve,
ere are no total increment al PV cost s,
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6 Fi fYyYear Statewide | mpact s

6. Bt atewide Energy and Energy Cost Savi

The Statewi decadASUH dlteepdmaitrhest at ewiode nseaw i ngs
constrhuctmwint i pl-ymintg ¢ dwi mpgsr,e svemideidté . om. 3

by assumaptoineenpercentage of newly woaubelit ructed
i mpacted by t he psrtoaptoesweidd ec ondeew cTohnest Busti on f O
presenAppenadisx aA e the Statewide CASE Teamds a
percentage of newooabest mpatied bhkathe proposa
zone and building type).

Cal Cannabis |Iicensing data from Janexairyti20@0
indaod greenhouse cannabis building stock. A
cannabis industry was used to esti(mnalS the bu
Anal yticsSik0d®)can purchase mul ttitpdree liix ears e s
average of two |icenses per | ocation. Zip cod
to climate zones to determine the square foot
The |licensing data also providesaahrlaingenssdé c
type, and it was assumed that producers util:i
the |license type. The Iproendeatdy¥me si ze range

Tab#4e@Cal Cannabis License Types

LicelMgpe Il ndoor f% Greenhods
Specialty C 50 2,5
Specialty 5,0 5,0
Smal | 10,0 10,0
Medi um 22,0 22,0
For -mamnabis facility stock, the USDA 2017 Ag

footage for crops gr own( Wwihlle r2 OcTofivee rA g( gG eenesnuhso ud
al so provided an average groawtrhalriasg ecrodp 2 .Ba e
growth from 2012 to 2017. The Statewide CASE
greenhouse space utilized suppl ememttaie 12@h% i
U. POE Report on Hor(thObQhk |2t0ulr7a)l Lighting
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For alterations, it i s assumendeethsdatitth3eepPRadcte nt
6al terahr esdlaodald on equi pmentcusetiovbhl Il fghtong
HVAC equ, pawwduiave to comply with th&abl eerat.i
475 hows estimated crop breakdown ffaocri Ibiottyh sitnodco

Tab4@eFacility Stock Crop Type Breakdown

Bui | diyp¢cCrop Type % of Facil

l ndoor Cannabi s 929

l ndoor LeaGryeens/ Microg 5%

l ndoor Tomatoes/ Fl ower s 3 %
GreenhotCannabi s 30%9
GreenhotLeaGryeens/ Microg 309
GreenhotTomat oes/ Fl ower s 4009

The -yeastener gy | mpactysearre parnensueant stahve nfgisr sftr on

thasti naa ebdempl|l et ed iny2@23enEBhgylBTost savings
energy cost savings®aoveanmeaetrtye desn tTihree sittat ewi de
estisnade not take naturally occurring mar ket
account .

Tabd@&nidabd®Present -ytelaeg fsitragtewi de energy and en

for lighting by climate zone from newalcloenstru
50ndab’ Ir estema yfeaarststatewi de energy and ener (
dehumidification by c¢climate zone from new con

2Q2ZTitl e 2F) nGASHE ReipRcr2lRCOW ROCH|9 2



Tab#4@ Statewi zaemdEmEeairegyy CadNewl @Gpastis ucti on
Lighting

Clim Statewi d Fi r Fi rYseta Fi rYseta 15ea
Zone Constru Ye & Pea Natur a Pr es:
| mpacteEl ectt EIl ect Savir Val u
Propo Savir Demar MMTher Energy
Change i ( GwhReduct Savi
(f0f can ( MW ( mi |
2023 |
1 337, 11. 1. C N/ . $25.
2 502, 17. 1. € N/ . $39.
3 46 2, 39. 2. € N/ . $84.
4 60, 9 6. € 0. 1 N/ . $15.
5 88, 3 1. € 0.1 N/ . $4.
6 288, 8.1 0. 7 N/ . $18.
7 16, 7 1. C 0. C N/ . $2.
8 100, 18. 1.1 N/ . $43.
9 239, 45 . 2.1 N/ . $108
10 16, 2 2. €& 0.1 N/ . $6.
11 35, 2 4 . Z 0. z N/ . $9.
12 168, 26. 1. € N/ . $60.
13 36, 5 7.1 0. 1 N/ . $16.
14 92, 6 16. 1. C N/ . $39.
15 149, 28. 1.7 N/ . $64.
16 82, 3 2.1 0. 2 N/ . $4.
TOTA 2,678 238. 16. N/ $545
a. Fisyear savings from all buil&8ings completed statewic
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Tab4@ Statewi aevdEEamregyy CdAl t empidlcitgshs | ng

Clim St at e Fi r Fi rYseta Fi rYseta 15Yea
Zone Al t er a Ye & Pea Natur a Pres:i
| mpacteEIl ecttr EIl ect Savir Val u

Propo Savir Demar MMThern Ener

Change i ( Gwh Reduct Cos

fa0f can ( MW Savir

( mi |

2023 |

1 260, 7. 2 0. 7 N/ . $16.

2 382, 9. 4 1. C N/ . $21.

3 284, 14. 1.1 N/ . $31.

4 32,4 2. 2 0.1 N/ . $5.

5 70, 1 1. 2 0.1 N/ . $2.

6 223, 4. € 0. 4 N/ . $10.

7 11,1 0. 4 0. C N/ . $0.

8 33, 4 5. E 0. & N/ . $13.

9 74,1 13. 0. €& N/ . $32.

10 5, 7 0. & 0. C N/ . $1.

11 17, 8 1. 4 0.1 N/ . $3.

12 66, 7 8. & 0. E N/ . $18.

13 10, 9 2.1 0.1 N/ . $4.

14 31,1 5. C 0. ¢ N/ . $11.

15 48, 4 8. 4 0. E N/ . $19.

16 64, 5 1. & 0.1 N/ . $ 3.

TOTA 1,617 8 6 . 6. € N/ $197

a. Firysetar savi nagst efrracbnmpanlselt ed st &t ewi de in 202
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Tabb@ Statewi daedmdEEaregygy

Dehumi di ficati on

Clim Statewi d
Zone Constru
l mpact ¢

Propo

Change i

f2of can

1 24,1
2 46, 3
3 175,
4 32,9
5 2,4
6 19, 2
7 4, 6
8 93, 9
9 234,
10 14,5
11 20, 8
12 135,
13 36, 5
14 85,7
15 141,
16 3,8
TOTA 1, 042
a. Fisyear savings

CadNewl @pasts uction

Fi r Fi rYseta Fi rYseta 15ea
Ye & Pea Natur a Pres:
El ect El ect Savi Val u
Savir Demar (MMTher Ener
( Gwh Reduct Cos
( MW Savi
( mi |
2023 |
0. C 0. C 0. C $0.
0. C 0. 0. C $1.
0. C 0. C 0.1 $3.
0. C (0. 0. C $0.
0. C 0. C 0. C $0.
0. C 0. C 0. C $0.
0. C 0. C 0. C $0.
(0. 0. C 0. C $2.
(0. (0. 0. 2 $5.
(0. (0. 0. C $0.
(0. (0. 0. C $0.
(0. (0. 0.1 $2.
(0. (0. 0. C $0.
(0. (0. 0. C $1.
(0. (0. 0.1 $2.
0. C (0. 0. C $0.
(0. (0. 0. ¢ $22.
from al|l buil8ings completed statewi
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Tabb® Statewi daeddEmEairegyy CaoRAl tlempidc Os S
Dehumidification

Clim State Fi rYset& Fi rYseta Fi rYseta 15Yea
Zone Al tera EIl ect Pea Natur a Pres
| mpact Savil El ect Savi Val u

Propo ( GWt DemariMMTher) Ener gy
Change i Reduct Savi |

fo0f car ( MW ( mi |

2023

1 7,1 0. ( 0. ( 0. ( $0.
2 13, ¢ 0. ( 0. ( 0. ( $0.
3 52, ¢ 0. ( 0. ( 0. ( $1.
4 9, 8 0. ( (0 0. ( $0.
5 73 0. ( 0. ( 0. ( $0.
6 5, 7 0. ( 0. ( 0. ( $0.
7 1, 3 0. ( 0. ( 00C $0.
8 27, ¢ (0. 0. ( 0. ( $0.
9 69, 7 (0. (0. 0. ( $1.
10 4, 3 (0. (0) 0. ( $0.
11 6, 2 (0. (0) 0. ( $0.
12 40, ¢ (0. (0. 0. ( $0.
13 10, ¢ (0. (0 0. ( $0.
14 25, ¢ (0. ( 0. 0. ( $0.
15 42,1 (0. ( 0. 0. ( $0.
16 1,1 0. ( (0 00C $0.
TOTA 3186 (0. ( 0. 0. $6.

a. Firysetar savi nagst efrracbnmpanlselt ed st &t ewi de in 202
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TabbZandab? r esfeingtedar st atewi de savings from n
additions, and alterations for |lighting and d

Tabb2 Statewi daemdEmEearegyy CaNe vdommpsatcrtusct i on,
Al terations, Jalnidg hAtdidnigt i ons

Construction Fi rYseta Fi rYseta Fi r-$éa 15Yea
El ect PeaNaturaPresent
Savil El ect Savil Energy
( GWt Demar(MMTher Savi |
Reduct ) (PWs$i ||

( MW
New Construct 238 16. N/ $545
Addi tions anc 8 6. 6 . N/ $197
TOTAL 325 2 2. N/ $742

Tabb &St at ewi dearEcheEmgeyr gy Ca®dDe hlump a ¢ fisNeavt i on

Constructi on, Al terations, and Additions
Construction Fi rYseta Fi rYseta Fi r-$d a 15Yea
El ect PeaNaturaPresent

Savil El ect Savil Energy

( GWt Demar(MMTher Savi |

Reduct ) (PV$ mi

( MW

New Construct 0 .) 0. 0. $2 56
Addi tions and ( @. 0. 0. $7 6 .
TOTAL 0 .) 0. 1. $33°¢

6. 3t atewi de Greenhouse Gas (GHG) Emi ssi

The Statewi dec& ASEl dead awmoisdednGHG@ssumi ng t he
emi ssions factoUsi spdcbBtatdsi BnvheonmaSt al Pr
EPAEmMIi ssions & Generation Resource Weptégrated
Electricity Co€adi nWEBCRCEMXhcs uUuRAvegidend GHG

emi ssions from natur al gas savingsscatlteri butab
el ectrical power generation are calcal ated us
EPAG6s Compil ation of Air Po2PedpmendioxrsC€i ons

additional details on the methoddhoghousedtthho
analysis assumes an average el ecttomfiarpoemi ss
di oxi de e@ORweaelrerGtWh based on the average emis
CACX EGRI D subregion.
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Tabb%4resents t he-yesatri magbldsd efdiirsssti ons of the pr
code changefipepGH@ Mi ssi 84 sdne®® ri ¢ teewesubll CO
be avoided

Tabb%4 FiYesat Statewide GHG Emissions | mpacts

Subenasur (EIl ect Reduc Nat u Reduc Tot
Savi® GHC Ga ¢ GHC Reduc
(GW y Emi ssi Savifnh Emi ssi C Qe
fro (mMmThdrom N¢éEmi ss
El ect ms/ y Gat Metric
Savi®t Savi® C Qe
Metric Metric
C Qe ) C Qe |
Horticul 32 . ¢ 7 8109 N/ N/ 7 8109

Lighting
Mi ni mum

E fcfaicy

Efficien 0. 2 (6 1. : 6, 4 636
Dehumi di

Tot al 3247 C 78,043 1. 1 6, 4 8 4,7

a. Firyetar savings from all buildings completed statewic

b. Assumes whegfemi esRdOMBEOR et &EWhH, 45MT GO e 1 Ith eornms .

6. St at ewi de Water Use | mpacts
Ths prdpesahot include water savings.

6. St at eMatder iadt 4 mp

For upeses of this secti onRPPEhlee wmerit ea fioado.l lemp a
per Joul e welrhee aSntaltyezwee dd.e CASE Teagn gmiefsi mant e

material | depdaatms diditchag i on or greenhouse enve
Themat ermpafctesml t gkt i ngwaplrodopnoes aflr om t he transit
l ights Itro drEdesr. t o assess the materi al i mpact
CASE Team anal yztesd dooncluinmeen trienpgo rmat er i al conten
incandescent | amps and al so conducted gener al
| ampglse reports on LEDs, CFLs, and incandesceni
materials in each typwi odé CA®&Pp, Tevhdnl was hen &Sh la
sucshpecanalcysi s foHoW®Selt ampgpi cal material col

werdeet er mihnielde materi al cont entndoforL@é&yglheatonfnsy u
directly tthatnsdfatleED wgarso v eltieghmtisn,edi tt hat t hi s
available informati on.

2Q2ZTitl e 2F) nGASHE ReipRcr2l2RCOW ROCH|9 8



Not athley St at ewi de CASE Team expects tHl Dssee a d
contain whetEDs ydOnmsotnh-ghde&l®S grow | amp contain
estimated 39 (mgEDVAN@ETdu.rsd/.l)evel was used as a
the typicaWhéeliPSexamppol at ed stoautte wiod e hearesgy mat
mercury content i s erxprghleyd 110 pewrnrddsasaendbtyhe f
omel evantandt wdil @ .1 eh g eSteaatrecvhi,dee CASE Team does
change i nltelaa,usd exflL,i nor ep)l Aaasctoircd Ohtgy d ot hae

LEDs examined diedecottabtent avel s of arsenic, S
code proposal, there is no atbumedet.hahge20hmh3
Si mi| aird yt hLiESD dtaurdbys, cont ain | evel sCéFhamdpper
i ncandeandsatmenti oned, the Statewide CASE Teal

specific |l evels ofsocemwmer nionakdB8meud!| khhange i n
i mpactWhi |l e t heASEt alteeawri des Giot omamarieonmf showi ng

estimates of copper in HPS | amps,. many | amps
The study menitn dincaltceashavyes in silver, chromi u
LEDs compared to ICkhki@bhdmscenH8Saha®mp3) do not
typically contain detectable | evels of these

expected.

Tabb®Fi rYsetar St dtnepwaicdabbatoer i al Us e

Materia | mpct (1, | mpact on Maptoeurn/dgske au
N C9 Pe-Uni Fi rYsetd B8t at e
I mp a ( I mp a (
Mercury D 0. 00 11.
Lead NC N/ . N/ .
Copper NC N/ . N/ .
St eel NC N/ . N/ .
Pl astic NC N/ . N/ .
Arseni c NC N/ . N/ .
Silver | 0. 00 16.
Chr omiwu I 0. 00 12.
Gal l i um I 0. 00 11.
a.Materi al I ncrease (l), Decrease (D), or No Change (N
b. Fi fyetar savings from al/l buil dings completed statewi

6. Dt her-ENenmnilgmpact s

The proposed indoor horticulturawobtdhuing mi
the use of AnER dloit@Ht iervg . dencieardmam atgpgapwpe res
were interviewed mentioned that transitioning
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doukelnadded IHIFMS sabr e metlad miheead aimdest whet o t hree gro
cycbéasdgjugtoindhe tephodsogyl ar yields to the | e
that are more famiVYiialrd tmo maearyn g rvBered 3a02hd i e s s ¢
as part of the mar keSt abkaerhraledesr acnodmysieod tudt i aoentsa t
guality conceAppenadiex|l Lsted in

The studies |13 sZPpedvimeSesotmeorvi dence that LED
increaski cagual idghkttaeuatchgsir o€ BBfoabnallol

(CBR and terpene |l evels. These quality attri bt
and gedffecys can be strain specific. No studi
negati ve axfnd e cyateHaer odrop types.

The industry is developing mat etroi aLlEsD thoo rstui pcpuol
l ighting. Resource I nnovtahe olnED nisitg htuitreg hfasr d(
Cultivation and ContralltedeEBeisto®Pinbiey i Bgwe Gu
al so beeEkffiosiiem¢g Yields workshops to provide
directly from their peers on growing with LED

One w®omrgy benefitt lmes sprco@md ®*ad windoor | ightin
i's reduced masnhtenlaeckasel ine technology requi
annuabl ymaint ain Bat gnwhelriegahst LiEW€toetmmo hhypl bgyg a

50, h@ r at.edrhliisf eresul ts in elim®mination of | an

The Statewide CASE Team received comments not
must abtihdkeal by orni a EnvirdrCEBlQaAnd|l t Qaal t hy sAprt o
may be r eQBHQ@A adndoets mandate specific efficiency

dehumidificatinohmatbeclpoeeleady ahment | mpact that
attempts to prevent is(BhreaastfefQannaki fCemit
Thproposal |i®e widihmt he CEQA
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7Proposed Revisions to Code

7. Guide to Markup Language

The proposed changes to the standards, Refere
Reference Manuals are provided bel ow. Changes

with weder |(inewnd angusa&ge)xea(hdeoluegthisons) .

7. 8t andar ds
SECTI ONTDE®I. NI TI ONS AND RULES OF CONSTRUCTI ON

ANSI| / ASABEs St6hde0 Amer i can Nati onal Standards | n
Agricul tur al and Biol ogical Engineers documen
Radiation for Plants (Photosynthetic Organism

GREENHOUSFARDNE WI NDOMW so known as igs eanWiondeww

unit that cdnsmests sablled fshimeaect ure generally p
in which it is installed. Operating sash may

PROCESS, COWERERPtotssseghbdated under Part 6,

which includes computer rooms, data centers,

| aboratories, enclosed paadntnrgo lglaeg da geersy, i rcoommer
spacedrigerated warehouses, commeracnpalocresfsri g
boi. ers

USDOE 10 CHERtHAB8O0Oregulation issued by Depart me
Code of FedeTiatl|l Refy0) a€hapter3 OEnFLSgyy 4
Conservation Program for Consumer Product s. R
AAppendixaNtt B soulbnPdotr md3@st met hod for measu
consumption of -daunrdnAeicmessi dainxd Hihlo Bl @ if SuBvapratro @ & 0
Test Method for Measuring the oEnergy Consumpt

CONTROLLED ENVI RONMENT HORKRI I UL ITAURE:

Carbon dioxidse enfechmentbdnacid cCkEdmad e s
the puspomepladntnggr owt h.

Controlled environmsephticabarn tl $do aiddgéedu rtea t (p@ EaHh)t
produbcyt inmanni pul ating i ndogrucenvaise ldehdnteomuitgehi n g o n ¢
i rri gnetcih@ame @tail ng, mecheh cmil d.iCltiddépaanicoee 8 n ot

i nclbwdésdpanmcheer e pl ant s tar el eghha iad gga®reedryhouse
aniddoor artewpaetsgFldogacese Agreenhoused and Aindo

Desi ccant debysmi eamE hanicah dedoamptddwbses at i dn
or | i quitd mamewiealmoi sture from the air-r
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Greenhocugwpe of tCHEMHt smaicet ai ns a sunl it enviror
gr owtrbnduction, , owimhi S8kehabfOhpter e o imdReet @ ot lod

growing area
Gr eenhowsea dii dqgiraereendiotuls eheating that has-a capa

f2or mechani cal cooling thaftt has a capacity ex
Horti cul t ucroanls ilsitgshtoifngl umi naires used for pl an
Horticultur al | umi nian reewi meaYd baveeeti it hes fPpodwug
Il ndoowi mp&t vape ofpaCieHa buial &Sikryd ivwihtth Roof Rati o
perce@Gtowing plants in a warehouse with or wi:"
growing.

|l ntegrated HEACHVYVRAEtemstem designed to handl e
remolvratt egr atseyds teMISCcrhauyd et ar e ,HWVOAIC Isiywmittelendsa t o

sensible heat rateocaepabi 6b5tgrdefiepabedadrng co
systemgl e package aitr |ecarrsdi tein@ncauredt r vipigteohva mti n g
rehanttamtddtone dehumidi fiers modified to allow

Photosynthetic phot pmoéefolsiyvma dre t ( BiPrpphuott oenl efclturxi
power in units of micromoles per second per w
ANSI / ASABE S640.

PhotosynthetiRPRPPhoitoont iHéd uxate of fl ow of phot
in wavelength fr odrefai nreadd ibayt i AONS Is/oAuS ACBeE aSs6 4 0 .

St aAldone Dehmemadsf awiprlodtulté sol e purpose of de
and does anoptoritnacblluedeai r conditioner, room air-r
condi.t i otnéeaddeeh u mii dsi fadc @smetlafi ned, el ectrically op
encased assembhrye fcroingse rsattiendg soufr f ace (evaporatoa
from the ,2ahrmeofsrpihgeerreat i ng system3pni Rediracdi agi ag
f gamandamel)ans for coll ecting or disposing of the

SECTI ONTMANDATORY REQUI REMENTS FOR FENESTRATI (
AND EXTERI OR DOORS

(aLertification of Fenestration RPirdlhdbactic adared . E
[ €]
2Uf ac.t orhe fenestrati on pfraocdtuocrt sahnad |e xbtee rriaotre
accordance with NFRC 100+ acnt ouses etthdé oapml iic

1106A.6
TABLE -A1DE6AULT FENESTRATIHONTRORRGBDUCT U
F rnae Product Sing Doub Gl a:

Pan Pan Bl o
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U-| U-Fact|l UFact
Fact

H

Me t Oper 4
Fi x
G+eenhoGasred/egn W
Gl azed

Skyl

Me t Oper 4
Ther Fi x

Brel o, cenhgGasedlen W
Gl azed

Skyl

Nonme Oper 4
Fi x

Gl azed

G+reenhegGasred@inn d ¢
Skyl

RlRr|lolr|lolz|zZzZ|IZIR|IFRIN|[E
NlicojcoOl O[O SNIYSIYSISISIOIN [N = [N
o|lr|o|lo|lo|r|o|r|o|lo|r|Oo|R|O|O
N [ OO N [N [ [ [ (7 |k [ (T 1D | €D

Z|IZI 2022212122229 |0
SIS IS IMMIAIYSIYSIYSISIYSINSINS IS

SECTI ONTMARANDATORY REQUI REMENTS FOR COVERED PR(

(MMandatory Requirements for Co M tCrE@Iplaecce SEnvi r o

l.lndoor Growiomd, tSmandeng SyvstSomeeanddti asuhagt
systems and insulation used for plant prod
requi roefmePnatrst 6

2.l ndé&omowiDrech,umi di.Debami dnfi cashalnl elmeri @gme na f
foll owi ng:

A.St anldone dehumi difiers that meet the foll
as measured by the tes3ubkmardti tB:oanfs Rar tAp4h

i . Mini mum integrated enerqy factor of 1. °
8.0 cubic feet or | ess

i i Mini mum integrated energy factor of 2 .
greater than 8.0 cubic feet

B.lntegrated HVAL tsg sh e ahte wn egdheevdeart yo f ul fi | |
percent of thdebdomudi feonatgpynfoerheat

C.Chilled watebsisteshentewsrigphhederrtywy ful fi ||l a
of t hhe anndreubmi @dndricywt oon reheat

D.Sol i d or | i qui d desiccant dehumidi ficatio
dewpobOAF or | ess

2Q2ZTitl e 2F) nBASHE ReiRdDr2RCOWROGHE|103



3.l ndoor Growing, Holrdabiuddldti GEh|iws digwibtnb me .

than 4800k Whoft e cul tur al l ighting | oad, t he
pl ant growth and pl ant mai ntenance shal/l m

I have a apth oPteodssymmitchreotmocl epsh
ABEbr faABABWwW S640 for wave

A.Luminaires sh
joul e ratedit
nanometers.

a
h

B.Ti ssewi t ch | ighting caomd rodmplsyh avilt b eSa omtsitc

Section 130.4(a)d4, and applicable section
C.Multilevel |l ighting controls sha)l.l be ins
I ndoor Gr owi ng, El ectric&ll efawercabDi ptowiely u td
syssemving GCHhHlIdpdredesigned sosthapadl| me @
moni ntghre el ectri cal energy usage of aggreg:

.Conditioned Greenhou€esdi Buohedidngr Eanedbope
foll owing:requirements

A.Opaque wphhoehMd gskbBaimb|l meet the requiremen
B.Nonpaqgue wabhabasseambiideadt or ofNoth. 7 or | e:
opagqgue rogehabtsbmbbiadt oomrofRe@ser to Tabl
120. ®f or deffaacutlotr sU f or gr eenhouse coverings

TABLEO®HDEFAULAHACGTORS FOR GREENHOUSE COVERI

Greenhouse U-Fact

Gl as s, Singl 1.

Gl ass, Do\ 0.
Polycarbonat e, Cor 1.
Polycarbonat e, O 0.
Polycarbonat e, O 0. ¢
Polycarbonat e, O 0. ¢
Polycarbonat e, D 0. 1§
Polycarbonat e, 0.
Polyethyl ene 1.
Polyethyl ene 0.

6.Condi tieoerhlo s eGo n dSiptaicoen i S maacSwnsdtietmso.ni ng sy

used for plant production shall comply wit
.Greenhouses, LHght mgpéénhatuse with more tha
aggrbogatecul tural |l ightinguseadfort hpl @ahtecg
and plant smailnt enmeaencea he foll owing requirem
A.Luminaires shal/|l have patot [bendisctroaroil ce sp hpcet

joule rated in accordance with ANSI [/ ASPA

nanometers.
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B.Ti mewi tch | ighhdlnlg weemadneotdwpl edwi th Sectic
Section 130.4(a)4, applicabl e sections of

C.Multilevel |l ighting controls shall be ins

SECTI ONTMBNDATORY | NDOOR LI GHTI NG CONTROLS
(ShwotFF Control s

1. I'n addition to |lighting controls installe
installed indoor | ighting shal/| be equipped
requi rement s:

[ €]
D. Separate controls foadi@aerndeaerasle, ladnigkhpgli anyg,

horticul tturaanld | 1 ghti ng
[ 4
41 f an autsommatcihc ctoinmer ol , ot her than an occufr
comply with Section 130.1(c)1, ii-@FB"hall inc
feature that 1 omds OBF at | east 24 hours, a

schedul ed operation.

EXCEPTI ON t o Sectlinonr elt3a0i.l1 (sct)odr es and associ
grocery st @amel e aanbdu sccohnetsr,o | lheod ta rcwil rt chreree rstp a
aut omatsiwd ttcihmeontrol is not requiredFF o inc
featur e.

SECTI ONTRARRESGRI PTI VE REQUI REMENTS FOR BUI LDI N
(a) 5. Exterior Wi ndows.

EXCEPTI ON 1 to SEechdiothd #8486 hBliea Er'Sequi r ement s
Secti on5alp20d.y6.( h

(a) 6. Skylights.

EXCEPTI ON 1 to Seecnhdiotdirédd@dBiiea ,r6equi r ement s
Secti on5alp2p0d.y6.( h)

(c) Minimum Daylighting Requirement for Large

EXCEPTION 1 to Sectiacmn¥4®.l3 (ead) :enAudiotnonreind ms
spachsrches, movi eardamedafer germuedumay ehouses

SECTI ONTARBSA@RI PTI VE REQUI REMENTS FOR SPACE C(
SYSTEMS
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(eE)conomi zer s.

EXCEPTI ON 7 to SWkéerionobeéadDuddeedp inpmionegm ol | ed
environment horticulture spaces wil/l affect
carbon dioxide enrichment system.

SECTI ONTARBSGRI PTI VE REQUI REMENTS FOR | NDOOR 1

é]
3. Lighting wattage excluded. The watts of th
ud

ed from Adj ust{eldndenadro-otri—g-htgirhrtd nngo tP olwesrt
compl vy wi thh ealnlonapepslitdeceant t al 1 ndoor | 1 ghting

G. Lighting for plant gr owtyh aclmeuwrledlii na setnraonncoemi
tch control that complies wiEbrthe apft
ol l ed envisrpoancne¢sinte h equi ¢ @lme watles oof Sect

O. Lighting in ocgsplhesy ghanpbU0Obdnd givan e df
environmentsphgretsh € ud ¢ auwier e ments of Secti on

P. Lighting in unconditioned agrharuldarmtarl olblu
environment placretish @ wil t @ement s of Section 120.

SECTI ONTREQUIIREMENTS FOR COVERED PROCESSES | N
ALTERATI ONS TO EXI STI NG NONRESI DENTI AL, HI GHR
HOTEL/ MOTEL BUI LDI NGS

Covered processes in addidiogs bhawal werbhtbens

highse residential, and hotel/ motel occupanci

of section 120.6 and 140. 9.

(&ontroll ed Envir oSmpnaecnets Horti cul ture

l. 1l ndoor poav€iemal i ti oni ng SystemsAldnad ebDvd yu mi d
installed heating, ventilation, air condit]@
buil dingdowrtbBbrowing shal/l meet the appliceé
120.1&6a0k) 12D . 6 ( h
2.GreenhBuskdingabfipeCemeéi ti oni.Aggenhtoamse
bein ctonhweemtde &y r e e pddo useddi ti ons to a condi't
shall meet the rsé@0iSBmmedBY. 6f( hPecti on

3.1l ndoor Gr &Gweerghandes, Hor.tAil¢elrtadi @ainsLit@htiol
|l ighting systems that increase |l ight®Ong wat
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percent ohomdi & winki vdadarveisng an encl osed spac
requeamntesm of Se3ftoiron nldd®.r6 (ghr)owiMgpror Secti or

greenhouses.

EXCEPTI ON to S&8&édnivonli1tétati{an | imited to a:t
repl acing | amps, ball ast s, or drivers

NOTE: For alteratioecnsptamazty chasge fikati on of
requirements of Section 141.1 apply to the oc

7. Reference Appendi ces

There are no proposed change$héebvatbwi Ref EASBEC
Team domgsospeo new accepst)ance test

7. ACM Reference Manual
There are no propdvead ecsh al@MdaReafler ehee Manual

7. EBompliance Manual s

Chapter 10 on coveNedrpso@empleiand ndevobMiena d ]l

to be tevigaenteuwdesecti omr odrua@EHMNncover,ed proces:«
includiexyampl e of cahhm@ympglal anud et Mamwali fsyhoul ©
what sections iomtBitdlee o24t hRPamptr ofaqoypdd Secti on

T Space condiystemdnagtnisouelgaui r e memto®r gr owi ng
operaftioesti &ns 110.2(a), 120.2(a), 120. 2(|
120.2(g), 120.3, 120.4, 120.7, 140.3(a), 1
140.)a(nd)

1T Space conditioning systesngs i ®. ¢ olfd0ic t2i(@ame d
120.2(a), 120.2(b), 120.2 (d) through 120.
and 140.4(g) t.hrough 140. 4(0)

The Compliance Manual waheul ¢ caolnoomi zldaasi fay et hrae
CEHaciltmderspriasmammpil ppanweemat er chi ldrea systems
installed for cooling

7. €Gompl i Bocement

Certificate of complPREBECEBrdoesmavduh@E@&EmBEL o be
revitsoe daodndp Ici ance i nf orpwvadd was ifeomc av eCtEHd pr oc e s
Specifically, horticulture facilities would n

whi ch t oAdcdiotoiseenva ltswbuéd be added toehnetvanwhet
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dehumi di ffcateaonye | ighting efficacy, and

have been met.
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